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In the attiay of the iifilr^ t«!«»r??t<««i?' em^e^ hy 30 ^•^'^/e 
€-!9fWJ<mfl vfith mmtfi&n rtvmlMif rf^rimm a.leltTit»?TP?tli9« ef^ .'^ iftio* 
bMiVllT 1« |1R!R|? tTt*€^t ^9^9 ^t^* ^h^ *^^ ^l»^ ^^^* ^**''* 
eltl«f! of ^T«y, MneV ?»??« **#nv,tlsr linifii?i|? ^rfdtn f>ye «>*BOIHI« 
filly i?«i!lei^ «f!^ flr!t of ^m^TWf mi. tl»e •vn'^ vef? nf t!»««ii '^ •ns^ «mt.i»rp 
W « l | l r l y -^ ©T^eT!* Of! t!*<% nf»,t«5!« Clf t l l « " n y t S ^ l l f l t l l t l tl*l«* fyw«y^«» W » J V 
t l t j l l e i ty of hef^ily loPl»linr ?»sM:lel®f! l^ iMi htmfi. o1*f»«?r^f><S to 
b« fypteisifitioellir Im-'or for it^ A ootll^lff*** tbn^ ^tur txmK eoUt* 
f io'ns. F « » the *^tltlr>tleity ^iRtrllintlf?! o"** *iej>vl*ty i?^!??!^!? 
f»i».rtlol©f?, ttio i^5li?« of ^^ ijfrv , i^ o^f© " ^ ^ ^ • [ ^ b ^ • ^ h ^ l"^ 
in th© ais-nersloji of t*i« 1^|^«»lliPti»lbotloii, ^ttmr otift to be 
(^mO^ jfe <?«<^)t ^io*i 1^ Ji» ff^l* a«'^ *<»<*f'»f!t ' ^ t h thf '•ffsl^ sii 
of tte© #lf?t«5x^la« T> to t!!r» «»ifoi?r»<9» fml.tl'ntiolty of bloelr t r s e^s , 
<^^>» ;f|rT ^"* ^^® !"«tio of tf?o €lffr«f«lo»i '^  t o tho ©im-i^ »«» 
i»ul,tlT*ltolty of m^f %T^dkm^ ^'^t^* | g V ^^ ^^ "^  ^ « ^ ©**tj!!?«t0« to 
be f>.«9 nTi« 1»10 yef*r«otlvety. "^ be s?fftlo of <?^> ?«a <^^ t 
— S - emtf out to * • (1."?? jt f.r*), i^it'^pr, *••« (^l"--
• <^ > 
<W >_ . 
t o b« (1.70 • 0 .04) . •?!»• ifr.ltJ** o f n-. ^«fl*-e^ «# W ' ^ f ^ * 
fw7?J« t o he •^ t i« l t o (1.41 i e . f ^ ) «Tii (1.75 j i <*.<^) t *^«^o-
t t v » l y 5 til© ^att5«« T^reft iet^ bv ti*© -«lf'«>©.ott^m ^-rottf^t*??!! •ne^f^l 
v l t l i t^.e oTTieflwasttally obP©?r#« rutve o f %»/^» 
til© eor!*ol«!iti«w fttuSy 1s@t'.-»««n ««<^ t^fiiy o f tft© ' ^n^v^wt t i ^ , 
<lf > , <!?->» < ^ > R M <lt|j> i«t»T«ai« t>i«t t t i o i ^ «ri«»t8 l l «©f ty 
r«tittto!^8MtJ ^ twe©i i t?«ii» 111 ©aoli eef»«. "^ws^imm tsfVhmt t^l '*pp 
t i oR %^r9 \mm lBv©Hil^f»t#4 mi^M the fivei?a,f» l^ti lf f l y fmt^en 
o f ehonert r roy i^« titnelr t3*gi<^ hairt b«ieii fofflrti t o l i t 1<5^, 
57* ?sn* 84® Ti^rmetirelfm *^^ study o f fKffim^ojniEf^itlty « i « t y l « 
btitlon© ef^ owB t l » rjiwro¥!©# of M«o^i»l ©twct t i r© I n tf»e «t*»tf»l«» 
t5wtlon© f o r t!»o iwr^i^tB \dth ? 0 1 ?»«<! t ^o t»^ i5fl?'«aR tm^TA9 lofwei* 
rn t> l * l t y ?*1«« heftmmr mrtim mB rnafe t»rowo«f»i?«« wlt l t tiWT'oeiPtT*^ 
tpirp%t f Is©. 1*li.« e«r?t5*ol^ a f t>»*» *Sl»ti»i*mtio«s o f ©ISPf!©fll9 1f*?11?'» 
t l e l e s s h i f t s tow^m^ Immr ?*?>ti l ty f l i © ^ t t ; lfie?^fisfirt# tinTw 
j?ot ^ le©. T t i s ^ a r , t»»# oertr© of tHo fll»t*»i^«tlon f»««tiwio»««!lT 
i rMf t© tow^yas lower i r iT i l« i t le f i j ^ ^_ lJ*er^pmtB I f i i tent l f i f f 
t ha t 1^  iP! i>«i?l«is.fe a ia»?«tis«© of thm tstwl*p *^f erol l lplons ?^#(i 
%,? the ireiflmnt ^pjrtlel© In^^ Sfie the mifil^tm, 
t», «, t sn i^ tlo%r Bifsnn li^^r« %«i>f^  T»tfitt<NI, *5^ -^tuftfi ©f <^^9 
<S^>, <W > pat <t > f««p til® fit«ii« i^ «*©#3eiT»^  f», f , t ii?i# *»teir 
<Kj> f©r tli« «itlf»t«iT9t?«»9 i:«'o4teal?»i! tli»!^« nni^feta© vit** 
T^wfmvt to i t s 0oi?f»<it^ai^iif!r vat«d fay ^ 1 erefitw lo ?^ ?*wi 
Ttremmnmi thm inemm% in otlmr tiii^i*ii«t«'8*, Bwt tfi t l * eswt 
of 24 €SaVe ni?ot#fM(mete«» i«t<»3?aetlflsi«, f^t Mf« if» <'^  > tfi 
the -pion firoiBaliit ?*ts3pe le watih mgm tfiiMvrmr t1»fii t^# rifm 
Attcispt *-a« •felso %«9Si si»i« to 8%laf« tl«i ©lAftfitew f?»®» 
«»ti«m©i©s ©f p» if t pmn mtem aims vmi4t&timi. In «50 c?ei^ /e «!• 
vtth those obt,<!sif5#i In S?4 ^T/® nTeto»*l^fl^ e©tllf'lsff«@, -we 
*».f?v« i«itei*^ln«a tfe» «ifii»iiiiai fpe«sii«fiet«fs of ^^rm figapllet©« 
1« tfe© p?*w« mtmemtm Isitusvpli? s« e«»!fit«i#»« tfi tlif* fewmip 
wrmrixstrntm "1^ t4 r.<tT/o •>.a#r l«t#«i©tlosi8, tt»® #f?!i,?»fil0r! 
fTe«?u®??oi«*» of p , i .^ mi t hm^ hmmi fmmi t o %« in tfi« f^tlo 
of 9t5j1 ?©f?i3#eti'r(?lyi t!?.® fr^N^enof ©f tHtoKn %m hmm 
ti^mw^i t o 1»« nearly tho j^siao «P tftat of Fe'-iraet©!. ^^ 
nmsilmv of slow tslow: ot^^ ©ijt t o iNi'vft^ of «*11 tlie «s»»y ti^^i^ 
tle|.«i» in botli tlio ©Tmo^ liMWttf, fi?rtfi#y, i?ofiiii%1.« eojf«^latlo«e 
t$otwo«» (svoraise flolifi of tloit flofj®, T»i^to««» lh«nef»es»»p 
^ 
tritmf^ PM ^t i ' -mietf^M <«V>» < V . < V » ^ V ^''^ ^^©'^ 
1»<iefi lo-^feea iTtt© r*?j^  <f> f?n^ l5«eii OISP^I-V©^ t*? |?»e^ «py^ © 
Mnf^nTlf Wltb <^g>t <^ff>» < t^>^ ^ * <^|,^ ^O^ « -^'* ••^^ ryt^T^,ifj\t*f> 
e f <f> OB <1S.> li?*i» %««« i»1»e3wr«# t f i *ls«» «!9«»« f»f t?rftfii^« ^mi 
'^«WT»«e»e«ttd»i e i^fti ?rmJtsr il«trl1w>t?f!fi«« o f '? ,^ # , t 
v i r i e t l o «n«r iy of t!i«?»« tisis^tlelta h^<i h^rni #9t#pi*i*>$^ «««i8 
(?^1 Jt 12) 3B« (97 j t 6) We^ T«e«ti©etiir«1y f o r rt^ 6 , t ^m^ flmtf 
T l^OfTp, "^o !i*/«s^^!P ptoraefit© fjf n , St t nr-* ''Itm r>irm^ j^^i^me*^ 
d f e t f l ^ t l o n s o f 'Pt &p t i5ff»« »toif T»l9f».ff nhmf f^wt^ati^of^ie 
bc?b.'V7i0iiy. f i u f ^ l l y , ^o»B mrmotn e f tr?!mfiv«*«« ^ « I cm^ i t t i -
o f <f>^> !5?!^  ^ 1 ^ | > o'' -nsiFttol© sJaffls, »?«dffl««. >«^e ??T»(? f'-^ -^ ovj^ r 
e f t!if5 f '^ ' tu i^ m^ eT>o3»icf o f th« ^1^5*'^**!«**• 
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'^e tjoi* n«m(iri>^ ts thim th.««t« i s 1)f»*»«« on » ?^tn^ 
rrotont!, mnlrly to fT»v«*»tlff«ite -^ ©HeBB ewl««tflin e'hii»e»»t'»rf"'ttef« 
t«€ !nif« e©rf»i?^tf» of elir o^aptftT** f?« t '^r <lot f* i l . 
In cjt»f»|}t©-r I v« hflve >sf4©fl.y t^esioT»i1>«f t!»e limortfae© *^ i^ ^ 
thf? nsebsTsliifi of imelepsp r?l»lTit#i!rwktlor«i, ??O«MI i!i,««i9eets of t^# 
^Or?©lS o f «1l3l . t lT>^Ptlol« ' d l W ^ O t l O R hw^e s lOO ^HM»I «lf»««f»!»ll€. 
If! the l a t t « r T>9rt of t h i s e0s«i?tep, ©ira ona objeot of tl»© t»?«* 
f^mt iT*v9Ptiip«itlon tif»R boon ftnt^d. 
In fJhesptwr I I a brl<?f «^M?>oriT?tifflp of tmelomi? mm^nimt 
raoohofilps of tmdk fowtotlw,-'€et^1.9 of t^o wtae^? tr«a^, fsi*t^ oi! 
of fftanrslf^ ff, oloi^ 8il:lMLeatlon of nwnmSmiey timelre, gio1<wtJf«r o-!?l-
tepia» tbooi^ttoel ani ll1Pr» l^l«l?|»«t^ l «««ei«ti?itlor> of '^PTi'^m vf^Tf*^ 
metf^w o t e . hsrvo boors _ffliNin, In tbo en« of tt>if ft*»«"»^a*', n<*t^ f>^ « 
o f lc1@'"tlfl<r'atlon o f p!©o,oiii«i?T T»si*rtlo1oi( l^ ii»i^ # 'NI«R ^lf»o«««»oi, 
ffbi^tep I I I doalR wlt!^ . tbe oirwMrls»?it<n»l «^t»i^ to tiT**«oy!?»ti»?'^  
the ^ot^fi^louj of ?>?!i>^ !ttotfoir> of t^!?eton«t <^ mit?»r<5»»9t tHtone^ ' ^^ 
tiueloi ia»« f<lov if>lonsi>ro«iioea In 24 ^*V« "^^^e** l?»t^i»'^otlof!a 
vtith kf^-T mielo^i '^otai eowittittonp s««?«?^ lT?if tlio T«»o t^iotl«s^  
woelinrioiw of f»rot<wrs in tf>0'»© l?!toi»aeti«nR bf-iv© f>lPO l^en !^'«ra« 
on tb.e bg^ls of the esfr^erlwentol finit»ii?i, 
. Ii« CJhnt^or IV wo hffve T>»eie?»to^ n f*ow <«ewor^ l e*»'^ w5oto?do» 
t l e e of tf»© atointoflirstlonf* •??ifofttoea in 50 OeV/e ^-«o«oJ«e intoiw 
a«tS.W6 \^it?i ofTOl,Pion y w l o i . %?!^ t!l.ts obtn.ifie<! In t^o •ffip«*?ait 
BSlor! e^p?H»et«»l«tla« of f^mm^f^rv T?pf^l©l«« *>i?6tiiolr»r '«»T®y 
f»f!<rolpir, e i^FfTt »'*'ewT»tef?, ti^sfi^-^^fifie ftf»rfie?»ttr» «»s^  1-0»»^ '*!tTf^ l?»*^ 1 
QffWW'm 
^*^f?© 
t.rf c-'^- nmmm 
1 ,3 , '•oflelfi of ??«3ttlf*nrtiet© -ntHsiwetioB 5 
1«3«5« "^^ ^5*o^yr^ « ?^!'lepil r^o^ol 7 
I . 3 . 4 . >^rf?y ^l^w e«iien«« aoil*! ft 
1,4# M r TfM f^t*tmmri% of t*i® -Rirefeint «» 
CT^Arrm III '^m^^nvwifht, rrfmtr$m 
? . 1 . iTitiro^otloii 15 
? . ? . T>§t#ilf of t!*# rt#elc 16 
?>.3» •^ on?^ f»l*^ g f>«t^oa 17 
? . 4 . f^t«*^nifio?^tlop of tb© trsLfSm 17 
? • ? . *''ol*»<>tlinr» o¥4t«»rlfi 19 
3 , 6 . '•'ethoaa of aeeFWre!»»oftts 19 
? . 6 . 1 , ?^»y»pe 19 
s?«6,3« " -^esjtti^ fdfitir ofsi 
( 1 ) dofi^tfrt e o U f»lse '?!et»-o« ?9 
(11) C€!«Ot*sllt SsP^ltta f^t^^O* 31 
3«3» VaFl^tloJ^ of etfl^ elfiT* f>«f^ i#?^ P5rp <f> of 41 
T^ nrt!^ ?!***^  wit!? <'^ v>f <^ *^ >» <^-> ^«* ^ - ^ 
3.4» !)«tie*?a^ ''^ oe of <f^> on ^'h^» ^ ^ ^^ ^^  ^ ^ ^ '•^ 
3#5« '"^ iRiffilm? ©!»,arf*etaHP!tS,ot af T^ !pote«0 A4 
1S»5»1# '-'flr^^tr^ ai*»t*»ll3«tla!j 44 
^•5»^« '••>f^ef».«?',y 9?»eetsta?» 45 
5.5.3« .AJ^^l-"^ fiif^trlHitlcff* 45 
?»5»4» '^ '«^«n'^ €fiei! f>f mfl?»!®?»twia em ir'lRsJor* 4^ 
5 . 6 . 1 . '^^mlBBtfm. fy®f?««n<^ of lew «>*^ ©f^  *7 
3 .6 .5 . •^arr?y ?«'n©ct*nr(R 49 
5.^•4. ''^rsmfv^tme mfr^Bntim ^ if^^iHi^ifm. 49 
5.^j.5. ^ler'.'^tiirU.rnl t»?3r»?»ttin ^l?»,triT«stlofi 50 
3«^'»7. .^ 'Ttftslf^ r ^^^I'trAI'mtlai? 5C 
5.7. Oenefol cl^-reeteri'^tle?' of Tsx»el^ ry 51 
5 . 7 . 1 . rnrip&Am of <W^ > %iit!i <'r^ > 51 
5 .7 .^ . i>tT r^s«o«o« of <1?^ Rfi <^^> 51 
3 .7 .3 . VpH-^tim^ a f <W >^ ^th <W >^ 3P 
4.1 • lBti»o«i!otiaiii 5^ 
4 .2 . T ^ i i t l p H r i t f f^f f&em&f^vf •nn'^-iel©® 5^ 
4 . ? . 1 . f'#i»^<-ll:r l0f!l i5li^r iseFtlel© f s i t t l ^ l l e l t y 5^ 
(b ) B i « ^ prmg f w l t i t i l i o i t y ^1 
(©) ^ s ^ ^ frmff f w l t t t i t l e l t y '^ '^  
4 . ^ . g . ^ e l p t l i r l f t t l e i»f«rtlol« s e l t l i ^ t l e t t y 65 
(ft) ^ I t l m H e l t f «ft« t^i»t!3(etl«aR €$ 
(«a) cs«ffi?»?*i»i«ef» %dtl» ii©^«lB 1^-
4 . 3 . 1 . <'^|j>t <^«> ^ * * \ > ^« «^  fm^im o f ?? 
<v 
f i i f e t i * o f <H|j> 
4 .3 .3 . ^8rif*tl<j?i® ftf <^>» <J^ |^ > ?«i <^_> vl. th 7? 
4 .4 . AfJrwlffF i l f t r t b n t i e ^ i j o f s©e*?BPiir?fT 74 
4.4*1 • Aii^?ls»r ^ l e t p i m i t l f ^ e o f >-@mity 74 
(a) An?mli>r aiBtri^otioi! of t>lf»olr 74 
tvmekm 
(b) AB^ls'F ^iftrltjptlofn o^ «Tey tyafflra 75 
4«4«?« fmmlrv iintrili^^tim of irel#tlirl9tlo 7f 
f^artloloo 
C») I'frxwfmteffO of e^ .owor t>iirtl<»t«ff VB 75 
•Bdeolem f^t^o t^lot 
of f*hm»v T«artlelo« 
4*5« CJonoltiolon 90 
Ref©relic on 
W(T?r^ W i^'Tmjms mzzmrrn Kf 50 §«Vo 
5 .1 . lRtro#«ctlon M 
5.9» H«i!^ 1»3?of»g f?l8« ilPtyflitttiflB 87 
5 .5 . o^i»B VRIUO* of 1^» H t^ W «ifi4 ?? for 
iifforoRt tTMte of stom 
f^ 
5.4 . %A«s»lofi fpofttojioy of HffQrmxt 'pmxtiet9» 90 
5 .5 . mission fs?o?»onoy of i^ fis^ l^elee #« » 95 
Itewtlon of <'^ |,>f ^%f$ ^^ sK"* ^ -> 
5.6. Horaontwii ^Isttdlwitioei ^ 
5.7. ^o i^^ «lffti?ll»itloB 96 
5.8. ^mlwe j^lPtpl^jwtlon 97 
5.9. Soatter |ilot« b»ti««i noiwrntmi «Ri tlio 9B 
iaf!#!lo of OfiisoioR 
5.10. r^«(f»*iv©3;eo inof^ wn^ fBi Hif'^f^tsvttioit *^ 
5 . 1 0 . 1 . Vetrlstlaw of <|Si^ > %ilth f)ii<rti0to mmmm 1f>0 
5.10.??. BeT>««f^ ®«oo o f <Tw> on sfsoi*tr WBttl- I d 
Ttllofty ^ 
5.10.5. BoT«n«©Tieo of <tu> on tho aa^ uao of lot 
oisiofileii • 
5.11.1, ^tmrnintmoe ot <\p^\> m t»fiFtlete ie^ 
5«11.?» B©r«f«««f»e© of <||>|| > on widower 104 
5.11 •3 . <|!'j\> ^f9 im0.9 txt miA.mim 105 
T*I<^ Of 1»m t^ClLftCPS 
T«1^ ?iT OF F I l l t l K ^ 
?.^fiT'^m III 
iBj» f.«4, ti^ «» «>?»l«n©,l jf^pm S for -n^f^l^les, 
t l f i»« by (a • 15*) mrt>^od, 
?«5« •inflation of the lnto«»s«l mmh^r of ^©lt«» ^^n 
OTUI^ T^ I^! Xtif 
<f>, of T*rot«n8, «««t«i'<ir«e, t"»«itaf« r?f*^  
?•?• Pu&lf^ tl<»i Isetweefi <f> of nroton,s» iimt(5r'on8»43ii. 
trltoRf* sp?«lt HtMinio'lci nni <^^>. 
5«?. •*:>0Tif»?-^ T^so« of <f> for «Uffey«f»t r^aftleteii 4^ 
tm <w >, 
8 
Cetics of <:^> on <W^,(e) '*«l?»tloj! bot^en 
<f > f»r<? <W >. 
^.5«(a) *'?oss©r»tiiB ri?'trlb«.tl««i of ^i^*«r»s, 4!;e (%) ^^oi^f "-Ti-oetriYis of rsrotcsira, (©} .".i^ n^jip-r 
f'if9trS"Hjtir?n «3f '-roto'^is. 
5«6. Scatter i^lotr '^tvreoti tts© P!om«f!tfi rm€ thtt Afia 
•^ p*?® of iT'ir^-nirm of r^retouR, «5eiitoi?«nfi» 
of pion«« <o) fTmsmm9- wmmntvm iifitvt-^ 
butlesii of iJlofio» («) AlM s^lnte loB^twttfiia. 
3«9«C«) ^©Hatiai of mmir^m wommixm of 5<^ 
filoBs vlth oiRlPOiciiii «iii^o, (%) fmrntetT 
l^.if^ rf.l!ni%io?^ of filoflis* 
3.10, tolnt loi! Ijot^oon €^> rniH <1l^ > 91 ft 
5# I1 . (« ) t)«rponie«ee of Cff-> on <^>« 9?a 
( * ) T^Plfttieti of <»%f v l « i <i,j> 
fmitpf^ ^'*i 
ly lonlslni? T»ii»tlelo» {%) %li»^ f»»irtioloo 
!!i«i (o) fipoy i«iifli©to« In *«ori««it 
eolllf ifflRo fid 90 <»«V«» 
4«9,(tt) ^ltlt>liel'^ «lst»4%Btlofi of f^hmmr f^ 6a 
l^astioloff for men^ ^i^ \^^» ^^ ^a* 
v»»f!«8 B plot for »ii«iwie1oa« intoftaotiano 
«l 50 <?evo iTv^fmnt %f03rtr) fii5 gt 1f>0 
ot gl« <1979). 
4.5* Briery aot^ «ffi^ f»f^ eo of 'mm n&mmtimH iMltl»»7lDft 
T^llolty Rj^ i mi. t |^ 4« ••oBWlftloii 
OOtllfflOflfl 
4«4# ^Itliolloity eowwlistlof!« In iMwiQlooo T3m 
eolliPloBo «t 50 ^ V o 
4«5*(ii) jyif^lgir aif^tfdbBtlon of %loslr tvMiv, 75* (1i) Afiiplar ilotrtlBtloii of fwiy t»»«if« 
4,6,(ft) t)iffG!!onti©l (9«i^ l«x> diotifllmtioi! of t% 
ff»*ow?r trnfllpo for f^^f th) Mf^wm^itiil 
mmtfuT «lf»trilmtioBo of ^hmmt trstoiro 
4,7, Inott'siv© rmmiBwrn^ttf «l««trllPirtlon of 79* 
from loft to ifl^ fltt Ifiiioirtoi (ft) OoPtrolt 
o f til© il«^trl1JUti<» o f 0«0OfNi UftTtiolOft 
for \^9.0 ftll I'g for \ > 2 i n i l ^^ for ^-^#1 
« ^ tfeat oala«lsto« for iJ^twleoe oolli* 
olon, (b), (o) ««i€ (4) Oowtroli of th© 
T!>ii»tiel«» ja.ni thist «5«linili»*»# for #• 
fitieleoR eoltlslcflfi. 
cmAPTTiii 7, 
5 . 1 , !?|j-ii?'trl>>i!tl«»i0 for ?>reto«s, astit-^ftiiis, 
^•2»(e) B«?^?»a«i«?« f»f <f> OR ^^>» C%) '^mrim' f?® 
tio« ef <f> t€lt1i <^^* 
5.3. (n) <f> m m. tmti^im of ' ^ ^ . (^) ^«l«(tlaii < ^ 
t»«tll0tf8 <f> SRl <^g>» 
5 .4 . ^stwfltuw ^Istritsution ef |>9rtl©l«B Qfa 
5 .5 . B^erpy aistifHsattew of i t ,« , t ap^ ftlow « *?7«i 
5 .6 . tefalsr M.ntTiy^i*mm of wpotoiRBt i«it«wn8» 97b 
5.7 . ^^mtter plots ^otwowi tlio POHumtji mi t!i« <wia 
m^e of «s>i««loii of €lffiit«Ttt mrmj 
f>glf%lo108, 
5.9, %s?latlor! of tm^pren^n nsmwi%^ of 1f*^@. 
! > s r t i o l « 8 w t t l i «a»i3.« o f «S!i(Wlon. 
5.10, Tio-R.fdtttair'al «of»»«iit«ft flsrti^liutSefise o f 1 f ^ 
?>i|1«t,l<*108 
5.11, '/^i?iatloR of l^^dttiaiBisl sie«!e¥ite of 105a 
?>a?1:iot©J» ^th #^fl8 of tfsiMTloii, 
^T^n I ITi 
^•1« ^f^ffttsrey of «fiip?l«n of dlffferent 40 
3.S. 1*0 r a t io of tH tons «ii4 iilll oth^ip "nnstl- 41 
olea- i»t4io of ioiibts* * i «?lB^y el»«t»^ ?©« 
fiiarticles* fB^<S tli« 'mrm'^tmm of ^wtwn"©-
?!ii sen* trftiwiB fmt of ©11 *%« «l?»ily 
Gh.p>r^B r>i4ytleijt« etfi a ftifictlow of <W^ > 
5.?J. iTeriation of t^mimm eialPsloli f*e«i«««ey 4-? 
©^ "rj5"Hfclo\«fli %?*.tl% ^ | j > 
fnTAt^na i ? i 
4.1 • 4v«>i*ni« et^ pjpgoi T»«tP%lol© T^ltli>lleltl«f» 57 
1?! lif»#3poiVi»owwl.9loii lpl!©s?aetl OT9 
of tHo T^YD^eotilo 
oollielonii 
^ * > ^ A ^ > « - A ^ ^ • S . l l «5A 
4 .4 . ?f?iw«8 of ^ ' \ ^ f t ^ ^ » ^ ^ itfta n^y7Tr.,f^  "^  
^a1«« of ^1 of efiowewB foF iSlff^rerst ^|j 
^mepQ of oif«nt9 in 50 ^-eVe '»i»«9Wil»^ i«stt 
Ox-slliclong 
4.€. '^^li>os of 0 s t aiffftTftnt onoTiifies Tf 
5«1» ^ t f? l l8 of tl5e i a t a es^  fWf -naFtSolwi ^ 
lis 50 '^eVo #»«wol«B« eoltlnioRs 
5 .? . ^'tm^&Ti,^m of tile '^ €».1.Tj«fi of <^^ $ ^ t j '^* '^ ^ 
<K J> m6. <H > for a l l the ey©?»t» m9L th« 
©wints pitMltaoifsf p»i«t s©4 olow « v/ttli 
V^A Kn# wit!? Wj^ T^, 
5 .5 . '^iJw'^ -iey of 'rv?^ ,"H:iele9 ia<mtlfle«, the i r o»* ^ 
ri'ootft* miml^ oTO s(n« f^ pootionesr of i^imlon 
p-A iTJtoradtlan* \d^ ^-^^^ 
5«5« TJet^ fl^ -^ ewee of the rmm «fJilf»»lfii freejiKm- 94 
gild ^ ^ » 
5»'^ ». itr«ra|» »oiMmta of «lff«i!rcTit i(Hfftiel«0 9^ 
nt 50 <5GVO «S?»« ?4 OeVa 
5.'i''« ?aieraet«ri«tlo» of mmt^ «l»trl1»itl«fi8 98 
5«?'i. *7«p&^ valtMwi of tna)frr#Ki0 ii«mp|ita of 99 
5«9. ^mlofe ,of of!if»ta?!t« aiitMiaxdng 1» ©jmrw* 1(50 
In Hffevent W^  iT!t9rtr«il« 
5»11» Atr©ra/p v®ltJ«8 of loridtv^lnfil fffowiirts 103 
of imrllel«8 
5»12« kmTmP,9 valtJiK* of len^tui ine t l mcBsewta 104 
Ifi iiffenmt H^  l«tetTf»lsi 
1 
A iotailta «tw«y of ti»« el!&»iotttifi«ti#8 ©f hir$ii «Ts#rfF irnel-
«(tjp 4i«lnt«inKtloii8 i« iif*«ftit 1^  It t<i dxtitdtft^ to f^4«i^ i^ofal 
rnit lnt«f«iittfi|| t«f«ifWfliti«ii« ii^ owt imeloiup »t«««t««»^ mioliflPiiitit of 
imolofi? dioiiit««p»»ti«»i« fifti neolii^loMi of i^ iro^ hsotlan of f^&mifiTf 
piuptiotm in stioli eolll8l0»9« ^ o ffiojr A1S0 Itrro^tf^te otiiosp 
rolotiNl ^hmammn of oen«i€o»fi%l# liit«?i0t« 
Zn th« %osli»tin# 8tt«iRi^ ft %f«!ro futinlf oomfinoi to t!i« «ti3ii«ii 
of «uelo«3p 4l8littOi»Btion« 9mm9ti lay ooiwdle rajwi l» maotosa? «PO1»» 
Bioii'**' t for fit t!i«t tliio oo»«l© wiy» t#»i« tho fmty <«fl»if©o of 
•Dior^itle i»firliel««» fa tlio %m3ftf i^vioi t ^ •sw o^idiatfitfi !i»ff»f»« 
fvon the dofoot that in mtmf 0f#99 noitliov t1t« •mxfgy nor t?i« i^ )on-» 
t i t y of tlio iiioidont t^Kftioloi pvo^ieming it9intoi?5?stton« %>•?• pmm^ 
Pfttoly "knenm^ HoM«*Ter, Irt^ r f^^ t !j! tho t^titfy of naoloor aisinteiaw-
tions w«8 govi^od %iitli tlio a«irotoi«aont of i^rtioXo iio«i«t«i??»to«i 
%§omim pooolOFfirtovs eoisli f^iwriio 'h^mm of a?»y ^itif»« i^tftiolo 
vitti oostTotloU onowfito m^ flnaroo, witti ttio awHlvfil of Mgli 
•n«viy ftOotlor«tof» i t hat ^eo %oeo8io |»o«oi%lo to |)i*^ bo o^onoif 
into tlio otx«et«v« of wieloonw in 0^mitiM.i^tfif ^T^tmmH mmmv* 
^9fTtA Inrftstiifwtow^^' h0m omifif«o« tli*»t tlio n^otoon oonoiffto 
of m imm% •?!oir«* garwenaoi %y » Tirtwol nooon olonA* 
tm tho boidLn^ 'lnr ?^lti|*ftrtieli ^T9«9istim in !ittai*Qii»!rmetotifi 
eolIi«>ioR8 mm oonoi^oyea to %e ratltOF « oossplox tihonoaowoey tlio»#» 
fow»» it« frt« i^»9 woro ro^oyaHy i^rtoroi ««« sttofttion %nm foesw!o« 
««tinXy towii3p«?» tho otu«io« of lii»di«B-}ni«i»oa l?rl©r?i«ttofio at tii|* 
2 
fi8L«wjii»lifi«roB <m%tiBimm feo* t!i« mml^n OQQI^ «a* %• «'*tl«fi*9-> 
t e i l l y •5t?il»»ln«t m t«?«» of §my tl»«05Ptti««il TJl»tiiy» ©f i9tt»ma» 
timtit B«t in the t«9«iit jreftsw* tlw 9lti}«tiflii Iww Ofl««l«eriiMy 
9hmm^ «»« «««1^ i«t«i?««»t iMMi a«n1w««€ iwm# th« i^ lmty of mnu 
f>Qrtlel9 r>s*o4iiotlQifi i» lif»il]roii««tiet«fCHi iii^vmstimm mt M # MI#B» 
^1##« th«Bt AM vaf^eiiB f««iiiinfi far t!i# f^irlral «f tMe li!t«f»!it. 
f%9 mmin vmmon of tiife«i^ ««t lit th« •tutar of tiiNHMiwwKJloiiP oot l i * 
9imm is tbo ooeooi^ i» Kr>i9lyl«« ??liai^jp''®' t1*oo»y of rfwltlt^lo 
ooiittoving to ooootmi for ifeo fiaolo«i» offoot* In htiimiMmelmm 
ooltioiono* l%o c^ oooKii m^m ie tlio *iN»^«iMlity of wmt^mptng 
%hi$ hn^wmx^kmium &mmi ooetioiio for Imanmo wlti«^ ioeaar vtn oloo* 
tyoiiii|»9i;io mA frtrottf mtomotloiio" *^^'. fho t^itiNI mtmm i « 
tho «9ftlls<itlon tfe«t tlio l»r««*ii?fitioii of ««ltt'»5l« i;)»NNt«tiosi tn 
tiAdvoBMnftieloQo eollioiono naif fporiao InfoifliAtloii a^oet %^ o MIOIIII* 
i i i« i of Hiolti|>ft3ftio2.o w9o4x»%im in ttoAvoMiiiAMii ootliolons'^^'* % 
Flfialtyt tho f«»t««jr of lip!.*s'6s%«f!u.almr^  oolllsli^g o f ^ r isrsl^ a^o fio«i«l» 
%illty of frtaayl'*!! tfeo ii|>aoo« i^iiO ^V9\»pmm^ of iiffiFllot» i»f»0i«o» 
tloB tii^ oooeo' ' i t4i«ye#« t ^ o*t«rl«oiitii o« woltifmstlolo «ifol»<o« 
tioR tiiji?tg imoltton m tat^iote ^vo fti^a only tm tho ^inao^otlo utisto 
o1^o«imfl mH hm«9 ogn iiot yiolA Birmtk infOfR^ioo on mm^^i^m 
$9T9l0pWtiK% of t&O |*!?O^ WOtJlOR |>^ rOOOOO» 
^•2* F^^ltig fliilTilf <graillaff tufttf gtat 
f^twti OR onori^tlo p<*»tlel« eolttao* with m fn3ot«%»« tlio ssotooo 
bxoiOio n^ ma a waafeftr of o1»r»j^ ?oi mi. xmtl^armi oovtiotoo «*• «Rii«» 
ttoa« fho t^ roooffo of t)i?«a3dtiiif tip of tfco oeeltwi %y m «r>orp»tlo 
3 
!fidiM»«4 l>y Msli eii«»f?jr i>«f*l«l#ii %«»« #•»©»*%•« ti» ifl*f»ll toy tl»« 
wh«n tli© ineiflent «R«Piy %»ooi»ff 'v^ T^  ^'^ &t ^tfp«t$ tli© s>«pg!i#io« 
pro^tJlllty of fos«fstloB of oo«f»flWR« miolewo t>oeoiio.g lost IffnoiP* 
ti9it« Soi^oy'o i»l«ttiye of imoloaap ii«iTrto|Qp@itiffifi BmmT«>^99 tlio 
l^ rooooo into two tifttinot ph^etoo —^ ff#t efiA mtm i>pooo<«oo«, ^ o 
fa«t t?i»oeo»« 1» tf^ o swi?^ i« ««nr«lof»!i»nt of ivtvtimetmgt eamoa^ i^i 
tho Plow iproo9n9 l«? tlio €•» ostoitiitian of t l» oxoitoi imiote©^ 
thvoiifii orsi^owttloR of f!ooi»!if?*y t*Rrllel«i»« •?!«»» If tlio ei*«Ts^ 
of tito iiiol«oiit T!«Mftlelo i f ^ fwf <^f, t!i« i^olo w?etoa» »«otloB 
may t>o aiiri^4 into ti#o wi'ooof*®©! — • intFipraotogit* oeseo^ »p« 
f1«« T>tl«Ryy hirfiren of M0i imvmf^ % o^»o ao^'Pyo^lo w«ro 
leii|Hth i s s^ort OOISIIRWWI to tlio i^ffts^neo Isotwoisi tlio i*oel©oit^  Jn 
t l * mselooe* io n^mmmA to «i3ro two t)o«y oolti«lon« idtli tho in t i -
•IdQul oofwtltttoiita of tlio tai»^t «ii«loi», 'Phum^ ft«w»pal ffeisit 
n^Ol06il8f fflOSOWfif O^f flW* OBlittO I^ tll!POOpfl tllO OilPOf»€0 OtctfPi, 
loevlnf tlw rof*ia>ii3. TIW<^ 1««8 in n M ^ t y oiroitoa fftswte, a© fo!» 
IP tlio f«to of IneldoRt hmMvtm i» fumemrmS^ i t «i»»ts4t«itee Jtii 
t^inotie ottovgy «siowiBt Ito oolliffion tm '^^ sow tmtil i t o«»ef??»oe 
tho nnoloui* or i t IO^OB wost of i t s onoi^ sf tmA i?t Ifint Ifi Ofwtui^ 
in tlio mtolonr poterti ia. tmt ef^vm ^«J?tiolo9 aso Oiiittoi thrmi^ 
tho «vfi!»orotion eaton^ trmi tlio exoit«4 intomnAinto v«<"il!itfiX 
nnoloi loft aftor tht ir^ti^ .-rjirtlenr ea^^Q^jm* ^mtTm»$ i^ votoRfiv 
4 
^«« t o M|?^ wwniy f t ivion «»« fmmmm^^lm^ *?ifMi« tii« fti^slaii 
eMt« «lff©f^B«t to t ^ »«#« imffi%wp gp#qtiw» ©f t^^sttan ^?$mi0t« 
^•t«t«R f«A0ti©ii9 in !»«»y tcr^iit fmot«i m4i to tlp^ittF tisspm^ 
WX^IAU ?'ello*ri«R tif9<i©««««» to ft<*«Uioii t o th« iiitttffmel««i» 
eaeeais gnA efvepdv^tien «iP<iii<!^ p eSlso %eeiMe tofM»f%«i!t «t lii^ei* 
(1) iVBr»©r«tioii ©f fitirtieltti twiorlar tlitii «i<*paipll©l«*i, 
(11) f**p9fli!tfttl©i!i tte^ •i»lfe«lofi ©f lipiWs fiwel©! of «««i« isoj^wr 
pgRrlPf fVem 5 t© 40, 
(111) Fie>8lo»» 
fli«ei« pr©o©«>ti«« tiilr* tUmom to tls« iittn»->Hl|!^ #¥5©*frr v^fdm^ 
?h« f[i»6li«filim ©f ?»Q©l©iiv ©ollinlami s% ©srtreMsty Mi*ti «D©x«l9« 
to «©t %mtl iaia«wtoo«» ffo©©i»©*« (1)^ ( i l ) «a^ ( i l l ) ««• n i l 
oe»M!ia«7f»4 t o b© TnTtevLB tfptm of •pftllntloi}, fh© ?Riel©ai» I'D©©** 
tlon© to wlitoh th« tfiFpft wialett© ^©11© l«t© mtrwrnrnt pl©e«i ©r 
fvn#MKit« Ijy t!i© \>m%ex«Bma% of «ii«rpfttl© naytlet©© lo*© f©f»w©« 
t© e© ©|i©tlatl©ii, '?li© IflipoitfeRo© of t1i©a© Y)9*©O©©©©« Inet*©©^ ©© 
ifttH toe9*«©«tot lii©li©!it enefir* 
I t f!®y b« iMTttiati©^ tfjst th« t»«stlot©« ©wilttfti «©H«»t t l « 
feet ©I Hi© ©f nuotvar 7©i^lofW ^W9 vifm t o »%lio«e» i9ff»« PT^ 
twfceit© j^d the©© ©eilttei to tife© ^jee-^a «ta®B ««'.'»©will3r t>y©€»©© 
blsolr tvsiQii© to rm©l©£«r osRil©i©ii» 
M©«e1« of ii»lti|»ftrti(»l« t)»f>diio%i0R flay IN* € lv i^< i«t© tiio 
e1.i»«<!9«<i* Jli the fiiwt oXf!#9 of i!io^«l«, t%» final frt«»t« 1« iswri-. 
e a f ^ to bo tt>rmBM ifmttmtmmfiwty oip In otlior ^mtB» In ii i^iniito 
et«p (f^ SW), m tl»« fieeoii4l tjfi^t <if fsoAoto* tli« Intomotion i« 
•Imif^lifioA ta r^vfmmtit in tlii* furssstton of «»o of ti#o OOPOORH* 
ffysto«o vfuloH »n%i»«6ti«T!%l3r ^ooajr into t l» flnat fitnto nAiflieloa 
with m l if^ tim« loRfiOp tligR tlw eolliainir tint* flio i)fi!*tiel« 
l»yo^Hiotion tlirrmi^ t^ioli inoiols in 9mBi§9V9M to %o ii ioablo 9to|i 
In tMn oootlon wo olintl aiPonon brtofly flhf if!?»ei^n«t f«o^tto 
whleli outvlaln vfifiofon oitf#»i«efitfil ytnnltn of «Riltlt>fis^io1.« ym>m. 
S^smtifm^ T^ t!io slnplo ««t«i» iso^elo nm ^ oooHtso only osifOfi^ IBO^I 
»«« tm^or tlio Aonbio »t09 po^oln wo #«09i4bo tl>o ^lfft<!ia*iTe »mim 
tatio9i> tho li3rAx<eiyni^ iool isii tlio onoyfgr fl«x oisBiioio fio»^«ln. 
^ A^ *^  • 3&it»aMiolOfty OOPOBJO «o*f|,« 
In thlo (sin^lo ^tep) me^^t tlio wsw^ootilo lo wfrriPfitmii to 
ootli^o o«ooo*oivoly with m mm'b^r of fmotoinso Innlio tlio ifootono 
iai« t^ f^ mwoe oooonanyy iseoptioloo in oiM»h eo'^lioion, flio m^m^fVf 
Dftiptioloo nfoiiioei in oasli ootlioide uNtjr ftef»t1i«ip tnteviiot wttli 
othov not^bot»rlfif fnioloonn of tlio nttoleno^ fiw>««oin|i torWf*i-iOf» 
m«. 00 tm emit tfmw m intfsdmiotooi^ oo^ofi^ in #»vo1oood« % t!io 
oioo of tlio t&s«ot mtolone inex*ofpon th» t»Fo%iibility of «oe«!m«?«fy 
intof^otloPf* inofoiiRoo fpl tf?.«!w>fm« «owi im& mtma ^-^e^mBt^rim f*re 
pi^dtteod 00 tho trsjp^ot 0i i» iBo««f«i«oo, fhum^ o fftwnf tfisrwt 
oino ioponaoneo f««ml^ m tho onoxiir i«ej«fioo«. ?h« i^ooilinf 
8 
fi«et«o»«« 9f t^e o^0ai» w?0mm imfmtat mm^tf tm tls# mmj 
ti«nQd ia«i not liwilvt fopsffltlcai »f ie*y lnt«wiettfit# fitatt, 
fmltinXloitr iif^ ^M^ Wf»t« 85 ^'^ %o* ft tslfliei? efi«s?^«« It 
tlfjR pfi«ii«B»fiii ill lifiareiMBaelaiici {hmh) %fstlXimi^m i# fil!*l»ip 
Att»fspt» ii«?fv« 1>««n »«ii» t© r»fl«e tli« ft«P««»i« f»«>*il'^*^-^ 
by tuning t«to aneoiiiit tfm timlllfif •f^wit iPi tl^ ® MJ#I t^sf^ liii?*-
tio« of ««<iofi^ ari«Mi «t_ M,|ff»» «fi«vffi««« fli« i5r«i«t«tlf»i« df tli# 
Boltel nffeftif t1«ifi« ii9aiflo»tiQii»t A e^nt tlm (ir«w».|» isTittiiptlelty 
of eli«3w|B« ^avtif»I«ft em^isasmt tmiTtf 'mtt itttli fli® ©im©t4f!i»if?t^  
otjeorratlffflte «pt« 1000 «^V Ixa* tlio low Tf»t«o ©f <:i|j> T©Bfit«fi i»» 
«3rT>lfiifi«^ « fop MTaPiplo a* 9©a ^'^'/o tlio fw^«lc*«i vultio of 
<1f|l> if (1?,0 ^ r*.6) %ilioi««i tli© «irHii"tP«!»t«lty o%f»of¥»«''**' 
viilwo i s (7,3 Jt <5«^ )« 
^•^•?* l^iffgoetivo g3toit«tiqii ta^^t 
tn th« «iffi>»otiiro oiroits^tton !^«ot, tlie neitioto t^f<oi^ ttoii 
tf^oo pliioo tlisroiip^ tlio aiffMOtiiro oxoStnttMi of tlm oottt#ti?iF 
hsdroiw, file flj»t ootliBien of tlio Wem puptleto?* <dLth a eatsirlt* 
t^ent of mjolone I»PO«BOO« st fipt wi.i a nlow e^rolto* f^ tnto of 
Battor. Iflm fmt!(% mm ornitlntwo tfypoei* th® miolimp %#lt1i n rmmn 
7 
ii!iotl»®s» etow «»ol t« i «»%«*« In ©aoli »«1>«e«fe«ii% ootlt»ioi i» ^ t l i it 
i <^->li t im^iot f i i i , K#t^ ^ « \ * • **** i«^®Ff»f» Tmii%0y of w t a t t -
fhewf9t^9 if "*!*« m^^rnm mm'b^r of tmTIMimti « f t?ie t^ipi t^i i f^i* 
e l«i i - i r t^ ^a froel«ttP I0 <^j^ $ then t*i« tetist IWBB1^ €«» ?*f fs%»i!Wiii 
so th© f ! § ^ tiaiwij i l ist* f ju l t l is t iet typ llj|» It i t ew» #f <^g>4i 
t iOfI i s ^*««t»'»i t o t i i t « I9l.fi#© thfWigfe tt#© ^ I s t t fWt «tlll^#«, Aft#S» 
th« eolltwlcm o f twi$ hBMvmm^ m l! it«fsi»itftt« «ttt© l» f'^wmi in 
w^loh i^iioXe of •»-|io €moi!^ 3r is* ^mvigmi t o %© oanotPtfwIftt I f i t 
vory oi»t l l !p»iiioii. The 'fol^ne of ttw tuti iwsoilato f»pst«« t«sBo» 
<!iat«ly foi«»»i n f to r tlio oottlf^if l i i o f t%fo liii«roii« i9 toe sf^lS 
t o o©«tiiii! ^ %*oll ^of iwsi WBislsoy of I»III*I1O1M« fhn f^vm^mn «TO1-» 
•^ roe Into iwoltifHiFtielo f jR^ l «*»%© «lw» I t mepmt^ to ». mi f^e lgs^ 
t l y Ifesiii irolufio to ??oooi!wo«*»%« tijo flnml mmitmw of t*«aptlele«i#' 
f! i« tm% niK^meim i0 ro l t t t v tw t len l t j r hf^ToiiynmSm £« ©ha»et«r 
« i« i ^ flesoFf^i t>y tito ooitootivo TuMa^l^o li'km 
8 
TiffiPie«»» »oa«l iri«ii« tli« vTtsttm to 9«t « ti»ii!«l tli^wifSi tli© 
mi«itim«»* i^fWMi a t l tM,« t«%*»» f»ti«# iS5Plfi|l t!i« liit»w»t#tsl» 
pjptii«it« m vtik immn€iMmm ©f snlt l i i l toity of emw^mi mMiel^w 
ir«iltw of fie«ri fiofii«ll«»« t«lt l |»l lolty f&r tiit^oiwrmeteiia to %# 
AeooraiYig to til® |if*ediotl6ii8 of t M t uoiol, t?i» iwlt l f j l letty 
In p^ oolllsiflfia <iO'f*oisAi OB oisof^ Kf tti 
L 
<Jf^> • «t S ^ (1 .1 ) 
iflioyo !! is tiio Sf^ftxo of tito oofitvt of nii^o «fief^« 
to ex%mmimi- of tltlii f«s#o1, to >i»:#wiMS«dt««i ooltiiiioRM 
iBifilleff t1i«t at hif$mT mmml^m tim tiniitMB vc*wli eottllMi wttli 
< L'^ > fmoloofis «t WMit» ^%ti?o < '^ j^ > i» tlio m$m mmlsmt of 
Buel^ ORp oofiteifioa in %%9 t«1io tVHVOffioi \xf t!i« iiioi«#sit Wiwsft, 
How«v®r, sifjoo in tl!i» isoioi isnlt i f l ioity i» ift#«tinlisei to iro^ 
as nT fj^ a for li{iA»Hi«iniot9n« ootli«ioB« n. m ^ ^ . > , th#f«-
fox«» i f t!^ « tiwt»(To»90 motion im iimos^A^ no osii^ot to %mm 
t^ .1 <^^>'< •©.tSTA^***' (1.4) 
w i^ofe ameppm^^^ *^^' tmiwtf well i*itli tlio ent^oftisitTitjil f^isttlt, 
^*%^* JBOgCT f l ^ eauoft^ so^itl i 
th» otiose flttx o^oft^ fioflol i»fimo««i i>3r ciottfW»«^^^^ 
9 
tld« of tlw f«3r«tflfii of hl#i ««#w?r liniiwm-iwotewi tiit«ifi«tic» 
is tlie ©iHirgy iioiwntiiB fitot of tlio ^P^ronio »«tt<iF (tiot a 
QORVDritiofiftl fiaaxoB thf*t oootifff In mtolOAp oollliilomi). *?lit« 
f»tf»«lo hs^rem «fii ttiwi In 0(i1Ll«<l ti •§«ttfrtlo« !i?iflf0ii*, '^^a, 
aeeoi^ltsg to tMii «o^«l tho l*Jol«iim% iiisrtlelo liite»»cft* tnteoo-
f^miwely with intSiirittsal mtol»di!«i of tl*« tmotons i?i«r In lt« 
imtti m^. tho fliwt ootllttoR wfmlt* In tt» TtvoAoetioit of m 
*eno'rg3r flt«» i*M<* isno^l^toly mstosinllawi l*tto two ha#«sn», 
II hfltv€ )i@€roR ii%# a «ofl omo, 9I)« lisri )i««roR x^^i»!* tlio 
ottftwtws mmhwm «fit Rowrty s i t t!»?^  ^ ^^ i^y of t%« vTfS'i^ixtitiB 
$mA etrntlmme thi?0ii|(!i tlio t!Uol««» wttti t!io mem f*oa r^h. of 
tho t»s*o#oetllo, '^ vinpy tw^ iio^ iMMSt oollifflon of tlie h^p^ hm^lrm 
reff«lt« in vory l i t t lo «n«ip«y IOM ei*i oronito© uptst^ n^? #ioft 
ii^iliwi, i«oi» poffe t!0«wiii im&s9 into •• <i'^ > «fi»ttol«« mA 
hdM h«di?on into # <^^> parllotoo, %?!i®i!« <W > ip tho afvownit 
9*?ower tioi^ielo a3ltit»lioity 1» 1io«iw««-l»««»oB ©ollioion, *!1stt«t 
i f < V^ ie tb« i»oi» nt»i!)oi> of oolliRiens of t!i« inoi^ fifixt 
i;i»ptiolo with tho nneloono in tho tiKPSift mmtmm of f^ !^ «f» t«»1»os» 
A, thoB tho i»»«lotioii of tho Oottfrioi wo^ l^^ ^^ ^ i s thnt 
•^^ « Ai« wnd PtQtwiopt e*f tho mTmmmt rsiTtih\«^t 
Ri» aim in tf^ e pjonont i!itii«5r ip to invof»tiiriste tho het&pmim 
miolfmm interootloii neohenies ot higd onox^oo Wiing rmeto^ sr 
10 
tvem mmhinm m !is4s*ofMrael«a0 iii^ovfteliim nimHm ii>i<« tinisiliy 
6me to tfiv«etli??»t« tlie fmel«iij» stiwjttifv tstd to »t«€y tlto mia1«ax> 
0T«f»oretioB pifoe«»«« TI»feffl>f*» %t» fttt«ritl<H» of aopt of t!io 
wosfr»f« fwsftliioa fooweiNii sielBly <ai the stuty of Vftriooii olifs»«.o» 
terletlot of lo*# i ^ t!i@dii»i ©tiorgy f»aFliet«Mi 8sn« t i # t f^iis»f»t» 
eailttoi la tli«»9 eolll«i€aKi» f^eo s t ^ y of mow OTtoffwtle f^ ?iFll» 
©lo» (filio^ f^f*) p^oSitooA iB tli^o eo1.1i0iof% ««ift«lti«« o"!^ o«t tn!* 
touelioi boofstsso tl» l«TOfsti|g§tio« of tlio fmehmimi of tULoe tn«»» 
Atiotioti tIapoBrli the ipalypi© of hadysiWRBoloi® oollieiorai if^ 
oo8»l^o?»€ to ^ i^t!«r mmwf effel»» 
%cpoyi«ie«ta «slfi|? tm%%l« ohiS»1»«r t«flliiiic|iao wtf« €eae to «tti«y 
Biiltifftx<tio2,« pro^ioti<m 1« liaSroii-tsaiyoii oollioiono. Her^ fevoTt 
in x«oent yeax« i t liop 1>«oii feoli«»i tligt ttw ^naly»ie of l&fi€»8i» 
nuolirae intor^tiono mt lii#i 9n9!ii:le9 OiP gliro iyifovaation x«ip£d» 
Ifif tlio !iiittip^xtiol« ^mm&tifm 1» liaii>oii«liodi^ ^ oolllsione elso* 
fho tai«®i?lylf*g ia«a Is the followitift 1?ho e^aole of hfiMvtm»9imimm 
oollisions ^ alfooay inonti^f^iy iiey %o ii?o«poi Into two oeto* 
goxl«e« fii^ioiyt tho Pin l^lo »tot» so^olo (Bm) m€ tho Aoohlo wtofi 
fsoioli (IBH), fheao t*ro typoe of fsooha«i«iB ehalX l««« to illffo-
pent t^o© of i9rim&mm of tl«i fi«i^ )o» of |)ipo<aooi |»«iitlol«t on 
th# enox^ of tho pTo^m^titm emit tlio mmw mmltmjt of tho toi*^t 
fittol«tt9« ^ei««« ttatoo thlBip, ovor oil ohftmot^idfttieii of tho 
pmrtiQtm ana mvitmrn eorr«l«tlcs!« h«t%»«!i eevowil oh«»ootoi»|fi» 
tleo of tl» enittod pfirtleXoi* say «3LBO fee In^mstlsi^oA* 
Wma <mo foo« throoiSi tlio i?08tdtii oM^iiiod %y V I^HOBO wiiAern^ 
11 
y^9 fenvo nttiai«« «^ s«r© i?wi%l©»«» ««• fliuls tl!p»t til© fmmlyt*99 
mT% smlnly bi^oA on t!i« wteHy of tH# i«fi«ipiit o1i«ir«ot«rl»tlo« 
eti«li ©8 t!» fwtw^r «lstpllwitlofi, mmlp^ « i«trl^tlai i e t « , , ©f 
tti© etioifsr ti?iiflk». w« fi»©l thnt f«p a thd7CW# Iwptstlgiitle© 
of t%^ fvoVLmi ©IS© fthoolfl tft>« Into ooB«i«©rwtioR tli© T«T9#«»» 
tion of not «5nly f»lso%«iP fj«»^iol«» *«* of i3P«y t»«p%iolo« m ^ 1 1 . 
fiKi «hotter p»ftlole« Rrt woi'tly i^lewi ifs4 the rwy t^ RriteB ai« 
iRiiinly <^ © to t»it»t<»io» 0»nteToimp ti^toiffi» H#irf«iotol ?•»« SOB© 
slow i^ ioBs* ^lier«foro, for a aotftllei «n4 oonprehenslT© ©tafty 
of tit© ttrobloR ve f«©l that ^© ©ttiiy of t>ro^otioR of thos© 
pairtloX©© ©HoQld tj© tedron into eoRsidmratioB and 'varimm ooifNi* 
lotion© b©t«©on th© eiiaraotofietio© of tiM©© t^avtiol©© ©h<mM 
b© lo€^4 into. 
^ ©sterteiT© ©«r)«pi«i©ntal ©tiity of tho M©int«pT?^ion© nt«-. 
^t»©^ 1>y 50 6©ir/« ^ ^^'^ n«el©i of nnelanr ©fmlsioii Im© ^©R 
oerri©! out. M©iai vain©© of ©honor* h l^l t , fvey lOiA hearily 
ionising tx«»eica, <'^ .>f '^^ ^^ t <^g^ «»* <*||> ^«ve h©©R «©t©zwln©fl 
an* eonwlntlon© h#t¥©©n ©aoh t»«iF of th©©« pf*rm»'t0im hm9 %©©R 
inimf!ti||f^t©a« teifulftp 8^t nueil»©r ii©trih«ition9 of th©R© nmw^ 
motowi har© b©a« titott©4 in or^9p to invoatigat© thoir uoelienlsm 
of nvodaotion. Att«!<!nt ha© nlso h©©R aai© to iUnroetifat© th© 
(?«n©a4«no© of <^->f <^> »»»* <^y^ o» the nr»tnr© ana energy of 
th© pro^eetil©© hy eoBtpaflnir their •ali«©« ehtalnei in th© nr©« 
a©«t ot»«y an« that of other %«»«*c©re. fh© vwlia© of th© fM^ ai 
no»»alii©A mil t ip l le i ty , R^ ,^ in tewa© of oswatai ehargoA ne3e*» 
t i e l o e , ha© 1)©en a©t©rmin©ft ana o i^ipareA vith th© r©anlt© 6ht* 
aitt©a hy other woxfeeyo. 
12 
the worwtittia lfit©rri»l9 <^ (3f© «» 900)^ (500 • f500)i f750 •• 1700) 
f*ii« (40» 150) '%Ve ^^ ^^  ^<5ii o^fiiti«^« ^cafliitloii of th« ntffli 
effli«»oiOB fr«ewe«eiep, <f> fer |», i f * ^^ IP^ T l»lfl«8 %»ltli <W >, 
<H_>p <1S^ > ana <W|j> liRB b<M(R &f!T««iti(^ t«i in os^r to fl»« Iw 
whiolt ««»« tbo (!ei^ ®Fta«no« In tho fttiraiiie««t» #deli in ttanai i^y 
Iwlp in vm^.«w^m€ing the wsdhmim of «mi^»i<m of tl*« i^nFtiolos, 
Finally, sctm aRpoote of trgafifTWPBO eni lonisittjainisl raowonta of 
thoso pnrtielo* hnvo eloo hem ettidioi, 
for Q!rrfpnrifsm saJro tlio iata «v«Slet%t« in oar Ift^oi^tory on 
24 ne7/« proton « A#r eollisiona hao olno ^on enftljraotf in or«!»r 
to »tii«y tho Above ttvo l^oiio* ^ « snolypio cOToals thatt Hhe «•• 
tsoimonoo of <f> on <?'g>» ^g>» <^ >^ «*»* <\> *« llno«iy OR« for 
all tlio psrtieleo oxooiJt thi* <<!iteAyntie AtTtonAoneo of <f> on 
<Rj,> hm feoon eTm^rteii In tli« oa«o of tsdtono isni H*.ntielei* 
¥• l«iol thot this study oHonlA \m ojctonaoi to othov «ne?ij|«fli 
00 thist sofso ^finito ecmoli^ iiiono xog^viin^ tho t»9<o^etion «»o1i«^  
nion of thofio i>iiytiol«e mef he »rriv«« «ft» 
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15 
ii<^ tho4 of deniftliigf elf^siftdrrlitfR of »mmmMtsef ^TueBm^ ^•l««ttaii 
efit«rl«9 thwrtimtl tmik «3tTMi«le*Tit«l !^«@ozifiti«B of VftidoBs T>fi» 
if«iiet«V0 itii«4 In ««t«i%tififiiiif th9 i$mtt^f ©f |»iiitiel«ff« ^foi» 
aift0Qe«ifif tti«t, %• et^ ufi t»«M»«!it a brief ^imoriTsitim* ©f fm«t#f*r 
e«Bl.9i«R m^ vmehmitm of 1;f«i^  fom«lifl« in imetoup MRIIOIOII* 
ftt^lootr «isiil«l«f^ asittly ooiHiifft of siiimtt 0!r9«t{d8 ttf nil^ 
vor !ifdl«« %fit% emwXl m^ixtxnm df lodid» onlHkl^ NKI in fftlndifft* 
Ool^iiM l0 ft «oapi«3r org^ltt «tit»fft«!no9 %ililoli i« ii%t« to fibno^ 
I m ^ cfoir^itioe of WK^T» t% i» ^ U lamm thu^ mmltiltm oon* 
statu Wttlnly of tho liOffry iwtolol, iMr «»€ ^ » cP« tho l i i ^ fm^lol 
C!l?0 10)4 H« ?ho yropoftign of tlwoo imo'loi ! • email tlii«t slMml 7t^ 
of tho intBrms%iemn tislEO i>lfltoo in tte lie«vy vraoXoi, A|r »Ad B|* 
«A> « 94), nj[ 1» ttio U i ^ tmolol, f? W i«i« 0 « ^ • 14) 4«NI 
of!l|r 4^ in hyiromn^ flit oi*o0« @ootie!i« of iwootioiiN %iitlt H^  
ClfO mii h0^ imoloif lioMnPtr Aof^ nA on ttio mtmm icn4 inovny of tfio 
botfi fsurtieioo"', 
VhtfR ft etifirioA pmtielo ^^isto thvoiii^ vmalmiem i t int^ Nfeoto 
witfi tho atoBio oXootreno of tho wmilmu ^ tMo yroeofio trinotio 
onOF^ is txfinofoifvoi to thooo oloetroi}« bjr tho Iftotiont Dtirliolo, 
If t)io ofitvKT tr«nftf»rs«A to m olootTOR i9 i^mt^%T thm tl» ton. 
i8fiti<»^ 1»oteitttftl of th$ tfitoBf tho olootifon i?et« dot«elio« fpa* 
tho f^ toR a?^ d tho fitoffi Is snltf to bo iontati* ?tio tontsfrttoR ttnar 
oaitsod ron^ens sons of tho hiatio fnmtim ttt tfit ««iiiitetoii aer9ioi»» 
16 
htrndk^ f^m^ m @«ri«« of la^ifw lapiAaiP lAofig t te futli of t ^ t»« 
oiioBt i>«rtiolo» tMs <i«pi#o of grs^ns i« tovdofl ip tfio t?adk of 
t l » f eti?tiolo« ^h« t r t ^ of a -psiptlelo t» fwiolooj* mmtmim sof«o«» 
f w o n ^ iricriaiitt ohf^miytoiptiitieo of tlio i»«v%ioloii« flio o%iief*riilto 
•liotrliiiit S«»»r*i3Wif ote« ?^t*«-i*ft©%#¥l.o'lieo oooft id WfSiOt oliiapw ip€ 
of»fi53r of tl*o t^artiol^ Ifivolvoi m^ %o iot«iwii»5 l>y »o«mis4iif 
thmm piatwm^9im mA nf^nfs volotiono %M€ik eipfioot tl^Ht iiitli viON* 
JlOUO pi*©|Hll?%S,i^  of tl®ytaOAOO» 
f Iw mmat h99m»9 of i to otiavootOTtftttiHi tmk in tlio miai* 
ffioR in t^mm^ m « st«r. flio iirooooo of f»oi«peMfi|i tlio otiitc t« 
IffsoKB i« e««nfit»f, l*!^op»8plil© oiitiloto*? 'toetsilosi !iip ffowmil 
»tri#it«^o« fo3P t1» stftSy of imoloiii? «l«lwl«iP?istla»« OWOF OOMO 
othtv tootffidflfiios. fmf ism^lOt ntt^ooi^ ogi^t^oit to oostieitott^ly 
s«ii@itiip» dttvinf tii«»to of %h9 mtmmem %ism m^ iw ^iwpt^^ T^Skm* 
tiT»l:f elioity l i i ^ mtt m^ tm oontnlnoA to m tmtlXl rmtwm* f t 
01^ ro«e«*4 |)fi3-%loioo of OSLI mmit0.mm ^ ttoo i^o tailiAW etiglitA 
fPlA lOfllMtioR fO0Olli%i€M1 1^ 41 OtfR yttSOlTO 01fOII%8 tR Of^ lHBMI iNl^ mPii* 
to€ Bjr o ftnr ^orono, tm oscporlXMrnto f!»i»v@Iiy stiiSi«NI iiRttfiioii 
ezo OMfjioyoAj* 
A imelOB* os^loloR ©tao^ ©f wim?t ti^to t t^^fttoe, oo««fiiiitifif 
of 15 ettoaier |^lllalof?t oaels of 6 , t oei iiipotoy a^^ IS®I^ » thieisw 
«i«fi9» oxpo8«€ «% • *^ oiPfitkhov (WS^) to t l * f© ^T /o €m im»m %©f« 
in « ^^leoil ran^otle fioXA of o^onl teo 1@ kni %o i^ ii«oA« 9 ^ 
17 
nosfi^ til tfm iptfmi nf mmt^iem^ wf^ il© tli» iNiiiB §lf«<f%tflf! "wwi tiwfiif* 
ll«3, t« tli« pl4tfi« ©f mml&itmm f^9 flwt ««iiiil%y of *1» «"• fsftf»iifit 
Mxttm »«w^ F»»tnt wfii 4t0m t© oiitl«»l t14T 9t«a» %4tli '?"|,^ 9» ^#i«ft 
tjj «iiiQ%es t%% mmhmt of tf«ei1e» i4tl i eii^etfle iQiiiS«if%t<ai» $ ^1,4 
(s9«ti«8i 2»6»tl)f «ai«t '^4©^ seH-eii eocfct't M«m0mipm ^ t % 10^ 
©Ijl^eti-te firsa 15K: »3^1#o««« "^^ tdaaiit pintle %imm- ©tNniwi fsr 
Roi^ Hjiliii* Til* Bemmtng ^ffi^immf %tm •stinif^^a t^ %li« « e t ? ^ nf 
ifM f@«n4 to t» ~ 99^. fhmermi^ j»»o©»t©« utr* frttttl«i wi««3P ^ t 
e i l fi%j«otiv»« & iMPi#r t© itfroli i«iy t^l^tflegftt wiwtirlwi mvmO^ 
of th« flMigl €lv««ti«lil ©f t!l« tE»fillpj!3r 9^^i9l«8 1«*f« Ol^ MMII, 
??«<i«ii«fi«y tf%«lc9» «^si«etj^t#t ^t!s •nati titt«xwitt«iii ^«»« ©lusidk 
fl«4' Into t1if«»o ^7o«^ eaooriiftf to tfmlT %tmi«f^imm 
^^) llffilfiliJiSBlfliai* 
ip4 "Pmi^iivii pmwmmteT for ^Igtogii i^is«(tioii of elmrly «WgaN 
@»4 tai?tleloB» «f« t©f«oa no •*'»»a(*#iF**»!io9r8, flm mmib»T of 
ehfl«f«ii» txtiol^ in « »t83P io ««iRet»<l ^ W . 
f^o t ime^ bisf^fit ieniisjitlcm tn %%% IfttffWfgkl t*4|^ €#8CtO«'^ t 
ha«f@ be€«i tfikmi m ^grey* tB?^feo, f|i» mm^tmr of mioli twst^ 
IS 
111 it fitiiy i s mpw99mt0& t>y W^ 
1« • star 1« «©i^ ot#« t>y ^ »^ 
l«ni«iRf Off hmmf tvweSim im « etssp m^ i» i«««t»« liy \C«*«^<*-K 
ing %fm blo% i€!)9iti«8t S^, iwi « nmHitr f>f ipHwmsf tmaUm ^f <w*«tit» 
ing gt l#fl«it 150© t»t©^ on •ii«H tvfifllr. fli« Tuxitettiii i» %ls% itfi^ * 
fllti»@ iii<^ ilff»ip«nt V9mitm» 9f %fm vHf^ mfi fron |ilfit« to « l f ^ 
w»s fonnsa to te noglliiiblo, ?tt» (J?,1) stiono thi Tiifi^ Mtloii of B 
vlth fttffjth 1» tflmlsiist* Xt Sf» oTiAont flpora tl^ o ftgofo tl*Kt 1^ ^ 
9 
inoroaso wltli l^ t l i npto SO/M « f^ pov tlio omti^fen fmrtemtt mi. tl^iro* 
ftftop i t IsoooisoB «liw©t mmm%m^9 '^ Ho ir«1tto of ^^ Wlmt <50/^ « of 
yyeeogooft wolnlon Is oimiil to 51© islobi W«P «»« *?>» oogrocyoaftitftff 
T?»l«o of g^ m 41© poF «» hail Isoon ietoxrelno* %y WIIWR tfio follo^Bf 
•ei|»ii*le@l i«ol«!tl«»^*' 
wNwro « 1« a i5tflPii«i»t«»i» v*"!©!* 1» «»t«««iln#i lavfetT t^ tl»o iofolopoft 
grslii eloOf «^« to ii %mmr oxtont V tlio eptioni re»oltttion of tli© 
aierogeopo aff4 th» eoxrrefitioB oai^ loyoA 1^ « i^nr^loiilsr olworr<if». 
f)io i»«viffiotor» «« ?iOM«v«r» oan 40fon4 OB tti» eond^tlsiio of a«v»toi>» 
Kont. f ho vntm of « i@ aoti»rt!iiiiod ^ uoifif the voliitieRio ir •» 
"Y 1»«^^®/^) «Ra r. • g «ic^.(-«i) C«ootlon ^«€«2), Wosisiiny, its ^^ wl-
«o 1 1 ^ hot%f««R 0,6 ««n« 0,9 • fh% iri^ luo <if « i» omy «i!»orl»o«t 
he0 \mim aotomiiioa to bo '^^ O.SS , 
Sa-
r ijj • «•?• 1 o*.ofc 
Lute 
i 9 
iiro9mm^ •^mtaitm w»wi x«^et*d fdr th« fiiypo«« of ««iiil99ie« f*or 
eaeli ®»e««i«s»y tf-^ s^ cs tlw i«ipa« of otilfifttoB vith Tmmvt to tlit 
ilvoetion of the i>flniiV3r w*«» f»eoi?at«. In ox^op to oir^ticrto tt«i 
Al|> #i*!3.«« 1» ism»»oot»«od owalBloiw, tl*« elwiifltjuw fftotoi? of tlii 
wimtfiioii |i«lXioloa ham ^tnm d«t«Rii]Mid »t tlio tlat of imtmnvmmf^ 
mA l8 'v ?»06. ?lio ifcnisiitiisn of all tr&tSm hp^ MOH »«.«!iiiix«tf a»i 
t!io l^«Bttflo«ti«m htm hmm «0!» e» iiwy HP« t»l*i«lP tsiwdrii onty, ^o 
fpollltflto the »Ottfma?»ii«Pt«» only tho tj»«fl^ %n^ «if «ii& mt^m 1^1** 
iB tho t»)t}roo«90od •fSBl^ ioRg loriiffatioR 1^ 1 •4^t r?5»«p« ^^ acr for 
tho «ito?»lng ti?»a*« f«R« Mfsw fo* «^R iit«p^tfit tff?«te» %«ro 8«l««t«« 
for Tsitlofoo i»s»uiwi»owt«, fMo sotoetlon «i7lt«x*lon ffliol«#t» e tmrm 
mwboy of ovapoFRtton i!>«if*tiel«© ^m* tftrOy o^on Rot fOf5S A wnst •f 
tiso ^x^«!it itft^aetl^fgtlon. 
tollmdiff ijaiwiotowi %ifeieli ln^ ro tsoon ^tmrfdrm^ em tt» sot«etoa 
trisie^ eiX« 
(S») XonisatloB 
(5) ^ o«tt9flti« 
(4) i>olt«i»r«yi 
BoeidAfi tho o^ ovo pmTm^tmm^ tli© o^ fRantitloo t*i«it Havo tieou 
moastaeod o» tlio tr<iolt8 aa» tfio ipvoloet*^ ma 9i.p rectos 1« th» t»l^ no 
of the eanlftioR* By imlr^gi i»xi>|eote4l fm^ t Ai^  i$!flee» w^mM rmt^9m 
^mt9 aetexeifiet, 
T^mam of o '?»s«ptlol« in m wm^ivm 1« «•«««« m the totid ilfitjjsioe 
20 • 
tPs^ riiliecL hf t.h<t p?*? !^©!* until Its frlnr^ tt© m99f^ Wtiioes to gej»« 
A tnielc T»ny«i»t»y, ^owii nit tt» 3*««i^iil rmm§ In |i»««r«lt? «ifi«N. 
l9y»a 1» n«el#«ap «wctslo« *«>j*r, ftw vmiMnH Tmm§ *• *« * ^ 
terermm «5ifti9io# thgt « i>aytlel« %iltt» n f^tvn v^lootty !*«» ytt t« 
in ^Mifiit» e«sl?ip t«» T«4it« f^r a pjwtlel* of lenoiiii oh?*!^ #»»« T®1I>» 
oitjr t!i» y«eift[iml iiw»«« i« profMsarMoniil to ttio t»i!^i<>t« mfim* 
f!» |i«ftlol9 Pfini* 1«, of eo«ro«» tH ttrnt^th of i%« isi^ tli Ss! 
onntsio!^ >»«fof« t ^ «««il«ioii hm "imem pTwstmmtL, f l » offntPlon ««ln^ » 
the «im«p«fit iff^i« im %}m pve9mw9€ mmtmim i« lo^ii %hm i t9 t n » 
Tal«» «?»« wwt t»« oo]n*9«t«ll for tli« offofttP of tlnrt«lf«p «»€ ii»to»* 
tlosBS w*?il« oen^fvtinf tt»# treo «sp«i# fhmo^ntoA ^otlloloff aniy fmf?^ 
tjotli lateirsl. an* iret^ lORtl «»t»rl«iriiisi«, ^Iwliiriigo fe^osm S , S , «5 
»fK7 bo ^oflfioA olon#r tlio rrinoipsi IBMO of t ^ ollii»iioi4 Into i^ieli 
a nm$Xt ftph»v% of ti»o Ofsolslon in «l0to»*o« in ^rooostoSnii. <%lfieo 
ttMi ''^ otaitod T»«lll«)i«s emmmlf va&^evm t^ ® 'vovtioiii «ttx>lnlriii» tmly^ 
thofofoM eliriifta#i fi»oto» S^ « S s<i nful $ m ?5 for laomttod nol l i* 
olo#, tho»ofot»» Hio ItHWi g^ Dootaitoa tev t!to ir*rtleal «fjrl»*'i!i!» ^mty 
in eo«?»«tiKf tlio rRi»ii» f^ rortienl i^MftsIr©^ i s fd'tm ^ 
vlioro t em€ t* «ro th« ttiieknoes of tho ossmtslofi Vifore f€?« pftor 
tho prooopoiug, Tlio ^ttfoititioe thirt uso caoiimnroA ?»» tfi© ^1^ rM 
firoloetod longlli of th© treioil^  on tlio t>lss^ ef tho oMtlsioR, SB tl»o 
ooiM of otf^lf^lit trodtro th« ttrm vmm i» ni^ iWR «>«» 
wboro 1 Is tht X«nf»tlJ of tho pro^ootion of tlM» trtn^ i s tho sy l^iiaio 
21 
TO 
of the oottlowb «5«flofl*i<m« tHnt I t f»tiff«s» #Brt«t l t« iiiotio!!, ^Ii« 
tr»<»lc 1® thm <«1T1??«« If^o a liijff«» mmtiowi of fiti»Rifflit itopwfits. 
71*9 leisstte of any nmm^mt^ Ofly i^ j^t wil l %« oatial to ^^i**^^g|5 • 
vhoTO 1 | f«ii A ^ «!*e Itfi i^ ToiJootoA te»ftli epi «lt» f«st»ootiv®lf, 
fli© j^ uis of the lefi|!tl^ of tl»e»« aofpiffitii wil l "^ ^ o^ io**! to t^o tfiao 
lef!^^ of ttue tr^oiro. *?lai8» tlie rrmm ^W ^ ealottl«t»« 1*y tj»l»iif 
the f^lattoR 
1? • Z <lj • sj A ^ ) ^ (9.4) 
%rhei?o « l9 tlio iwfflfeof of n»mt^n into wlitoli tlio twnolr li«e %«#f? 
Aiirtdoi* It shottl^ bo T»oi«t#i oot tliftt t!i« l«iirt1i« of tfie ^9fmm^9 
Tr>vf \dth tlie 9triil#>t«tii«(»ii of tlio tipfiolf pni i s «ot »»oe»«»e*y41y t l» 
i?ftii» ov«i» the oi^tliro lemirtli of tho trfielr. A« tl^ e ««rtlolo mtms «fnl 
Toloelty lueroweest the traolr tontfo to l>eoo»o fttypd^r'^ , tl^pefowt 
Ion* n^pm^ftte ftPe ^ i^ o* for W M ^ Borsorofient. Tt ettonld t» itotei 
thet tlie effoot of »iw«P«lrtplt3r» i«f«t t>o tnlwBi Into oeeofmt -sMl* 
9i««5iiyi!i|l i*^#!«8 of »feo»ter treses , 
HfgKy loP8 tiy ohiiMWii i^ftitieleo in f>«e»ift# tltr^wfc BHi>tt«yf 
A of»B!W»« t^artiolo wlille IB«««1II|| ttis*mi|ih niattoy wny lo?«« i t s 
erifivpt fSRlnljr tliyewiili two «lffor#Jit m^st 
(«) C5ottlf»ioii loeo 
(b) ^-idifttlT© lOOO 
A etu s^*f:ei portlolo BHrrlttf thveu^^ wfttter lo«e» etierfor by 
•leetr<^ni'netie If^tentotleiis wliioh valoo eleetrono of tlw siatter 
22 
to asroited «n»ri»y Rtfit#», I f m 03calt«ll 1«^1 ! • in tl?» eaittifiinsi 
©f 9tfit»8t tli« eleotii-oK in ldf!l«tdf I f wot, t!i« 9l«oti^oii Ifi 1» m 
«xeit«4 benma 8tfKt«, In «itti«r easo t1» iTioMiwnt of m^mmf i« 
tfi1r«f! f*oi! tfeo kiBiiiio mvtffisf &f t ^ lfMii#«iit T»RVtielo» ?%» » * # 
of onorgy lost! IHKP wi i t pistl* loni^li m» f l w t oiAevlptoi %y "^tlkr^ ' 
ftsing otipsiOiil l«o«i8. ^ho f«v«yai» •RtUfgF lo«« t«P «»it 'pgtli 
l«nfftli %y ooltl^ion t>toeeo«« • U » !iip *•«« i^wii tsy lotl!*^ • ' ' eiift 
Blooli'^ fsw® a finifintttffl twohoniool <!«rivfttien os 
•^ liiB t« lmm« efi Botht • Blooli fowwlo, t l i l t *»!•«» tlio im#*«y 
1.068 por f oiT^ in « fsoaiwi oor^ifitinff of stoins of stonio HWIIIOIF 
S, « « » ment^ oy A, tm ei^ erftiP ioRit«tloR luytfttitiol 7(s)« Tt imist 
tjo rom^ l^eoi th«t f«ti«i9ititio« eeneovnivii ttio Inoi^mt i^sftloto tm 
ohfafpo So att« •oleotty •» tlio l«t tor o^onvtyif iil«o tttwwi^ ^«ir/o 
- i -
en« f • ( l -P*) ^ » «9 «oll m tlw Hfw^r t l e i t of ofw^ny twsnofOr 
w, Hf(ti«tien (9.5) otuMO thot tlio •fiomgr loos bjr eoliioioi^ aop@fi4o 
otriwi^r on tho vetooitjr asia ohavii of tlio pot^i«l«« Fior o i ^ l 
•otooiii#e« i t rmt^m ei^rosrinotolsr fii» |gr « 
I t mm% 1»e f^ntienoi ^oro that tfie el^ ato o^«ition #090f4t»oo 
i*oll tilt «n«rey loss iiNti the volooity of ttio ijfiftiolo i»i of t!»o 
9T&9T of th© Tolooity of tfeo fflntoot olootToits of tfeo «t«fnsi«f 
fsstoiflol, Howevort in tbo l i n i t of low or liigh -volooity of tho 
pRitiolo ft oorrootion torn nfOi^ t %o ii<^ do4 to tlio ol^ ov* oon, 
A ohnvm^ ttflvtiolo tvesvofeiitf tlio f iold of a xmolotio or 
an otoB is if\ pMi?os»al doflootoi fvmi i ts oti?ttli?lst t>eft1i« 1?M« 
23 
9f«§t ©sit rft«i!iti<«« «ltl i ««««^ p*»fi©ipltoi»at t« %ti« nmm'm of 
tilt ftoitseloffitlim* fti«», tiio piMPtleto loutu t t« «f»*«y m€ t!io 
pfooos© lo feRoim §M 1>WI8Pot wil*5mBu, 
I f Zo %« t!)o otisj^ iw «!ai^ i W t!io sipis of m i?iii*iiole i>ii!«liit 
tfeiPO«#i tile flftia fif a srautena of ehm^t ^%$ t!io «loeti*ei«tetie 
fojpoo i^tlBf OB i t %illt t>» fkrofwsstionnfl. to ^f ^ ti«i«i® tlio i?oe»«lt» 
Ifjf a^eolof^tlofi ndll %o ^fwotttonul te 
ot^ergy loeo ««« to t!i« Bi»iip»tip«fet«Hnt «4^3l ^ pvopoiptleaial to 
( ^ » ^ # thue, %s«owiitFa!il^.|r is laqsoifttfEit only fmt |j!?s^iol«« 
li?ivlTt^  low iis»eo« Bt^li fts eloettw». 
j^ottior fowl nf mmrm t^m^ mmmMnSLtf HfftstTmii fwM 
by«itt!gt«i!il'ani?. Is t\m aopoii'kov y^^lstloii widoli gkHeoo f*o« t!it 
lof^|!?itiiiin.fil ijolftifiiatton of tteo laeiiVR i^ Nm t!« imtoelty of tlio 
l>«rtl©1.#s In t ^ fseatttii e5ie«#^ tlio iroloeity of tip^ in t l » nmm 
fioditai, Ho^ nrroiPt tlie eti«3Pftot«yii?tlei! of t l » fi#jptielo«i %rlt1i yH^ieh 
v% fdpo €?^ 8«»fR«4 111 t l» liposoEt «Jcp»j»lsiOPtistio» a!*© fnieli th?^ 
both of tlio st^ sfv» wt^istlTO i*r©oo«s.iie« t i * fBil©?«iitisst snA tfsoswfoi«, 
%flll fiet t)0 eoBoiiei?®^ mf now* 
ffeo 3Peliiti«B %ott^oii tist ®iioi?|iy of o li«9op«noc«io irfoop of 
t>votoiis m^ the swsgii peR^ ip of tho 7»aftiot«9 tft tli© stf»*»#f»f^  C?j^  
©!«ilfiion wift OffteMI»*Mr« "bf my^eTlmmtw iflth a i^ l f le ia l ly fio« !^l«» 
F®to«^' ''^ ^ pT&tmm m& «mit#i?on« ^ a witli f*ia?tlet«<» f'l'oiooo^ 1« 
liueletnf »iiliiio?»« foy «!?«i^e© Hfsto 1© %^, For M#-»ir oiiei^oot 
l>et«reo» 10 tm^ ?0D % i ' , t l » i*otfiti<»s em t»o r«t»i?«f»«Btoi l»y i»^  
24 
•ffUfition of th® fowl ^ • I # . 
tb« Pate of 9ri9vgf Imm of » btafvy t^ajrtieto lis tiNKVomlrf s rtron 
aefiiiM, •«V*R» «eT»«»i« laily o» l t» ^^loolty «r»« tlio «i?ttaf« of 
lt» eliM?^ 2, Tho r«^g* OT^ ovgy vtlation for o t»iMP%ielo of mmv 
w^ «!!« 9h»rm • •«!« thou bo aoSttooi fpow tlio volfgtion for i»rot0««» 
%»xdtinf If m ^ - wtioro a I© t l» pretgn m&SB^ I t follovm tligt 
Th© eot^otfiiito In tfeo a>>ove osmirloul rolntlon for tawtons ei* 
etjoh tfcjat If 1? IR mo^mrtd in %V gnd R i» fslorons* SL • 0,?5iw£*^ 
Tbo oorreofi^miin^ Ot^ rt^ tione far K-*iPiooo¥)«.y «MMeaffl§y dl«iitO!*ono «sid 
trit^io ero nm followii 
% • 0.192 %^^^^ (?•?) 
5?^  » 0,11? \^*^^ (?.fl) 
% • 0.598 %^*5«^ (?,10) 
Itt tho fiV»f»fiee of em>tiiro m^ looOf t!i» rmm onorffy rtlntlon 
for ft hoavy tmoteitoy with oharfp !5o tmit msfim mmJmv^ ^ to rlvofi by 
B «. 0.?51 %^*^^ ^ . < < 9 fj©.9«1 ( f . l l ) 
wb«ro ^ i s fflonewro* In f?o^  an« H in nlere^s. "P^ oorrtot^oR^inf 
o««ation« for j,Ho' iifs« ^Ho* af* 
0.581 0.5W 
K 1,^ 5 • 0^m9 R 1^ 5 I S jj^ 4 • 1.004 n ^^4 (?.1?) 
25 
Fay «t a l , ^ ^ ' uali^ lf eimefifseRtiil a«ta of Blotter #% wt.^ , 
Rotblfit'^^ #»«« Catalu mS. ^itmm^ 't tir*lmlf^t(^ tli« i^»9t f i t t© 
**>»« «Tr»«H.»«??t«l t»0lfitft jg»ii tli«y«1»y «Viilti«t©« tli« e*m«t«fitfi IT m$ 
n far t^ iKiton** TMy '^^ nr® th» followiBt f«I«ti«ii!ii 
fli» !»«* fivniliiblA wsttltP of ivfiifi-«Ti«riy wtjsmiywfiMwt^  ii^ a 
enyefVilly e«^troll«4 eandltl<^«. 
I&i«»gles of the p i^lo loe !»«*• t>o«« ltot9r?>iif*o4 upltif mlittiff^ 
<?,7)f fe«8), (^•9)t (t.lO) e«« (?*1?). %r tMa fHii»f»«o tli« rmmm 
ttt tlio piistioloo !i«svo boon »oi«i«io« «l»o«tly for ^tofmlBf trtlno^. 
For ii<»ViM8toi>f>iT!g trftidw If i" • t ''ot^ o^^ l i s ti80«» t!ift rj»f»ffo« of tbt 
fitarlloloe havo boon aotoi* l^?so« wilng R • f oarro (fl«» ?•*)• 
•Tho B»aeai*o!s«it of lonifsiitiofi i»fo««eo« by m 9hmm$ wurttolo 
rivoe l*tfo«WRtloii obmit It© ob«3WW ^Nl votooity. ftn^^oswiorot 31^ 8 
vf»lt» eart t5o «ot«s^if^« isoro proelffoly ow« with o fioo* #o«!roo of 
roUobil i ty I f the oiwi^ gy of tfeo T^mrtlolo i e tiot vory low. fbo 
vftluf? of io«l«8tloii proiwoot by e obarpoA t»»ftlelo njiy bo «otoiwlfio« 
by QSlr^ if i^ 'y os!o of tbo followlsij 9iotbo«« 
(1) (Irnim ^ oiwltyt <11) ^ob a«i^f?lty, ( l i t ) mob ^ « *^i^ p ( I T ) T!ito-
<i!ml g®|t to«^h , (v) ?%«« gftp Isnpth, (irl) ^olt« r«iy« mi. (r f l ) 1*ff««!f 
widttu 
i o (Slfoweo tiolow eely tbooo iiothodo ^ l o b !i«iwi boisn tiwoi for tho 
25a--
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28 
l^sRtiflestien of th© Bnirttet«ii« 
the grftiii <!ft?;itit3r of s %rmt^- l e fwuM to 1>« m. WJlliibl« fs^ fwi" 
meter for •stisatiwfr t l^ ioninnticm fsmmt& pff t*i« imf^ielo ?»!•«>* 
atiipln^ tho tx«i^« *?h« iwiP»t5«r ef ?^ «?r«l0j>ti l?T«iin« t^ oy wilt f^H^h 
torifth, tey««« ftfi tfio inraiB .^o«i»lty, Is t fttrotloii of ionlstitioi) 
loss of tho nmrtielo m€ th©iwfe»« ^orionis »T«m Its T»Teolt:f sf?*^  
chaste** ^^ *' -"^ ^^ ^^  velooitlee of the ««apttol«ii» tho iP«4ii IMPO 
woll o«f>?»»«toa wp^ erm he otiilly ooontoa* *fh« PTtdB ^owilty, |?« 
IB th9i<ofOT« « iR«!a«».iP« of ioni««ition* l^t «^  t?to valtio of f «Of«©i*lte 
ttpon t^ o^ deiq?eo of i^volonnont of tho omilsloiit tho nozwntisot 
f^fnUt aenoity t ( • <?/«_) ««flfie« fey tlio ««tio of t!i« meRbes* of 
fr»lR» ilT5 a tr©olr per twiit t«fi^!i to tlio nwKbor of ^ml«» tioy 
unit lon^ls of a «*©l«tivlstlo if»^ptlolo» i t tisilWTi as o «ralta%lo 
f»«ii»i«8it«ff for o»tl.iirttifig iof^lRetion, 
!^ %9n •mlool^y of tfio t»itxtielo lo sntitlt tlio tfs^irm aae fm» 
t^mitlf fowMii tlmm toisoihoip, «fi« tHoir t w o rmfi^ or 1>«OOB»» IWW 
eortfkin. I» c^ seh ea»e» tiso %lo^ «3r^  «s^ notlio* la t:®«a for iwtl-
fjfiti?i« i«ml8stio«*» A blob iB i^ flYuNl od a sits^!!* wsdn or a 
oIiMtev of m^iT,m laith wo f^xp Tletl»l» botwton thtm is0?»4 tbo lot»i<tl4 
of a gi^ ! • «oflT»o5 m tt»o Aietfl^oo tjotwwm tho inoi^o 09^99 of 
two noli^feourin^ %l.ob«« 
Me iiotho* I0 l>««5»« Oft tf*« otMimprfwtiflfi of ©• Cf#mll«sli*"*' 
who ob«ervo« thut, ^ lotist over a llinitoil wfiffo of lonlitf«tlont 
th« 1©«^ I»B of tfio ^mm ooc«yi«g In tjfiolsB of lonisint r^iirtlelo 
In imeleiu* «ittl9iof^« mhmt osmoBOT t^lol #i®trl1«itloB of tl»« fotw 
2? 
•f«f&l to or prr«»t«f than * o«rl«lii vulfi* 1. ""^ O^ AOF «!||| 1»»f%'lii«^  '' 
o^9rt«i. OB tho trnflies of i^tn^l-rlPtl© ©o»«l« ray 9«plielo« of 
aiff««W!% ehfijrfwi t!i**t t%o gip limi?tli Aisttdlmtloii la «rooiiifffttigil 
fflfki ooRflxvNNI i»wifvi««i» aioiiiB^ T«ii«Rt« o«fTi«< out %y !)• 0eoll«lgfe"^' 
o« l l f ^ l y Ionising pnftioloft* It foll«i*i» tliflt tlio !m»1>«w tf^  futd 
Rj of ^^m of loniftha oiroootiiHI 1^  or 1^ p9T wilt t«iitl» r>f tl» 
tmdt^ yiolA a iROf^ tii«« of tls« ooof^tflont of t!to «xponiiit» m 
Fowlor «n« Forlriiw hf*vo eloo givtwi « v«l«tloii ocMWoetlnf tlio 1>lo% 
<S«!r»ltyt B, to g in tlio fomi 
B • g imp ( -at ) (?.1$) 
wh«z<« « lo m rimrtm9t9T m^ Ito rml'im h$0 %99m fmmi to %• noiiFly 
oonetfint i» a T»artlottlfflP oBsolBloii etitfk, Fowlor mA ?os%lfis !»««»• 
oug^oetoA tht follofwint r>voe«dQf« for oetlsKitirtf tli« •«%«• of f t 
<1) 1*li« Tsluo of g^  i s olrtnlao^ hf frvttint tlio TaloM of B. iiii< « 
o o 
for 0 rolatlTl»tl© ivfirlloto la rtladlon (»,1), 
(?) W!i«ii UK <0.55f th«t io» for lightly lonialnf |«eirtiolM» tl» 
Tmluo of g «Rt HoRot i* elioal4 b* fomi %y a«rt«i<idaiag blob 
doR l^ty aLoB#« 
(5) If mtJO 59* *^* ^^** *^** ^'^ »«t^ o<! ?»!mol« 1»e ««•« to flat tt» 
(4) fho gm tmifrth ffhmXi hm mm o>^ os«n tl!«t t f N* Sl.5 inii tlio rmse^ismp of 
W,obe emmto* i« ®t>oot four tines tho tawlbor of lasqwi. 
2S 
>!% log, B/R 
eto?« th^i ri^irm feffr tints %1t« fii3»st>oF of usiMi* 
^•^•9* ^fttfttrtPit 
^h« iirvetiom of siotlom of a OIIRI*?^ ^srtlol* ipQf»«ti«*ti?5#r 
•ffeet in og(ll«« 9oatt«3Pi«f, fh« 8eiitt«ri?tf of n t^iaftiolo in <iw!ol« 
eidn i s indem^m o^iit of tht imntsioi* wmmttiritj^ mA ef ltd ^siisv* 
of dOToXoipRiont * 
A elii?jpp»t piiitiolft «uffom a l a r ^ nwalsor of mnwCLl eovlanlb 
Aefleetionfl ae i t trttvvmes a nuteilcii istaiiw. 'Tho ai^itivo offset 
of • l^xm nvm\»T of fuofc sini^o dofltotieno oomstitntoa nQltii!>lo 
wmlmlb fioattoriTig« Tho t«o»ttoving aoponftii ii|»oii tlie elim^t ir^teoitT 
as4 noRientuie of ttio partioloop 9o tho iitoipiiviteoiit of seattorivi 
eotiplod ^tli vm&B OF ioRiestic^i ^TOO iPfaiRetlon K^ ottt tho mmm 
tmi the oTtox^ of tht i»i^lQlt« 
?ho «vorfei» 8B|plsr a«Yiatien» <<^ >» of n i^axtiolo of e f^iffit 
%9 trf)[T«x6iTig R lonftfe of path C, ^rea a noaPtira of t!*a oa^ntity 
|ST, i#hovo 15 is tlia noiiontiMi of tHo t^sFtiolo mi r ita valooitn 
Tha ralation tjotwaan tho cfnantitlaa aiay t»a ^irittaa <4>> »«4: 
iifhora W^  is m Hourly ooftstsist «f» !^tit3r for a ifirm Tulna of 0 mi 
<cj)> rep»ieaf!ts tho ntdthisatie nooyt of ^p;aiaF davistiona* 
?ha «fttR?ttJty a i» ontlod tlia •<5all tonjirtfe' igna t!»a Tisltia 
eho^an in i^motioa «€m«i*5 iipoB tho moiiMintiisi of tha |>ia?liela. ^OF 
partioiaa of #ali%tlvaly hi*?har ^axiiiea* tha aaviationa froii istyiet 
linaarlty ay© sf}«ax aJ^ « oir only he ^otaota« i f C i s oos*f^ a?Mm4iBgly 
29 
^ • e n 4M!|>t93ftti« I t 1 0 emsWtSli0Kt t o tF«ll»fl»X« {«1 eib89VW94i TfttlM 
of <4'>i obtiil?w« by «»lBg a?i appiMi^ ilitto Viil^ O of <5, to tlw oipi* 
•aloiit Tiiltio fop ft mttmiirivA oolt oiat 0 • tOO/ ,^ ^liio •filtio i« 
rofoifrod to M c » i«o« eonfi atni^ o of ooittovliit* 
•?ho moon a«<*^ « of floottoxdng*» «» % l^eli 1»» t?i« mvlMm9ti9 
mmmi of t1is» ftbdolote ir»l«oii of tlio angloo of #3flootioti ooFf««fooR<ftinf 
to ft mmbor of ttp^omolft of oooiil. ttiieltnofto of Rstovlal ^mmm tm 
ooll loBiitli i t 4otorsi»oi osmorliwfitalljr. fho nega oi^ ^^ o « (in 
iofPMOo) WtvooR (mooo^ olTO oHoifait of tilt tTtak i s isivon by 
M, 
vhoTO iwr» t^o f)yo#«i«t of tiio tim-ilolo gwwioBtm «n< -rolooity io 
oxpzooao l^ In l^ oVf % i» i t s oltiivfOt t i« tho ootl lo^i^h i» tnio!*9r»o 
«!!« If Is OBlltt tlio «e«tt«Tdng o f^lotiwit i s %• X 6oici<io« f Is 
obeoCTTOd to bo R sXoiAy •nsrlxif fo«otio« of t , ?5 mil ir, 
fwo ?5#tt^ oAi hffm booa oii^loirvi foy iotioniiilTif tlio vtitti^ of «• 
<i) Otimtmt ooll s l ^ «otho«« 
( l i ) Constf^ r!t oftfitte fiet*io*. 
( i ) r^faB t^unt g i l l fflli JH l l^ t 
tho ooettorioff Dnr^Mtor ig nay bo iotor^noi by ooti««tifif 
tbo dirootioR of tb« tsi!)i;«rtt to tho tret^ ootosfy ^ o mnriliop of OfljOolly 
opftood |»ointo along tbo tFofl3e» tbo dovlfttioiMi boinf #o#tioo€ tttm 
tbo difforonooo in tHo «moooe«iira voftdinio« 1«| tho inot!io€ is r^oxy 
toSins. Howevoy* Fowlor* '^ ' teao »«gf>ootod % ^pol^ tiiroly on^iof 
m^hQ4» Aoeos^ ting ta this PotboA n tmok i s eligRO^ atonf cum of 
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th« airwstier^© ©f -^tiaf* of tb© ntpm of f^ gtierooeof^ (eny »» 
sxi«)« t!i« islerofMt^r £«ex«w n(tti8e*i»« fo» notion 1« iMflvootion 
i s moToli tjy ofWat «i«j«mtB n?!« tl« roR«i«is of tt?o 3Miooi^iiint«8t 
pfts^ enAiOttlor to tlio ic»90tio« of R imoo«@8ion of t^oints tilaig tli« 
tri»3ooto«y aoparntoA by tl» o«ll IflWi^ tli t fix« «et«yHtfi»« 1»y nwisus 
of tlio sofdo fittol to tho oyv^t i^ooo. f»i« «i»tft«o« ii|^^ • X| • t 
i« tl» ooll l««^h, fiso ftywt ^ifforoRote of smoeopjiivo ooo»^ in«»t# 
Tendings y 3%^ ^ • y|^  oto.g ffi'^ m soaPtifO of t!ie olopes of tho oon^ 
wrporsiifir ottorAo, flie ftoeori iiffofonooe 3r|^ l • ?y| • y^ ^^  » tfeoB 
pro^(»« s ?ioi^ wrt of m^m h«f%tmmi f*tmk fmootoifiw ©l»orft«# ?!»• 
©•gn of t!^ ebsoltito Tfsttioo of t!ie eooona «iff©iwi^ eo« of tlio ooo^^i* 
Rat« vtodifigBy B^ » iivoo tho avorp^o arrifntioR froa m wtipf^i^it li?!0. 
Yl 
^t • ^ ^ yi.4g - ^y^^^ • y^ «!iie««« (?>,i«) 
i-o I 
HI heing the irosi^r of e»ll« nmm&m 'lio vfil«» of if in ttam (dvtB ^ 
fho Talu* of ^ obtain** by tbo a^ Ninr* tiroooittro ifioltil^» ia «d«i«» 
tiofi to the tmo fsl^ Bal D^ j^ g ^© to aiQltipIo ©o?»tteH«it eowtribiw 
tioits frcm rpvifmm f«owi?e«e of «r«Mf« twttfilXy e«»ll«« •*»oi««^ « *Pfee 
eontribetiofif? of th« r^rioeo noieo to t*» ««oo»ia fSif '^orieooo «i» 
to tTvm eouloeb seattoMrsg RTO relfjt»4l by 
V - i^. • 1^ • \l <«•'»> 
whef^  !>• w Piltlrsotio f*«f«P of the abeotuto vsttioe of t^f#iiy«« 
pooorsd aif^ ©r«f!ioo8» 
-^u*- • eontributior to the aeoond <ltff*»re«oe *c«i to fmttit»l« 
eouloRb f«oi%ttei^ i'ie» 
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of e t l l l«eft!i swell m ipo««l«t ?iolii«t frmiii neim «i« 
B tt eeen seoijni ftfforeweo i»t to ooll #«|MW?i«i!t noise of, 
OS 
SftirioQo eefttterlfif ana etaico neiflt* 
f%o eff»ot of all fomm of «»!»« «e^ « nfniloaii ooattoyiRt i s 
elirlii«^i tey apauaing tho errote to Vftiy m t*^ , 1 ^ •©Itw of 
•f00H» «ow^ MS*** ^«^ liolso, itey bo ol»%»diio« fpoffl tl*« folloidiig 
foUtioa^^^^ I 
^«r« l>« gni B| ctro ?««eo?t« Mffottnoos for t«e Mil «lfl08« t^ fi?^ i 
t^ ros-poetively. 1^i« •ri«w «i« tfsm oliiiififit«# *y ooloeliitlfiir tlio 
eooond ^ffon^oef} for two ooll l«ffiii^ !Mi« 
f he •©!«• of tlio ooKttoytnji? pprem^Tf ¥f 1^ «« 5^««B t«t«s«Plf»oi 
1»y osirylTig out ooottoviRff «oo«isf«it«sit OR tTmeam «itli omdl oell niwrnt 
of 50/MIS or 100/MB %oosuis>« of two f«i0oits» Hmtlff cmo «Q«1A pot 
oo?>8iaorobl3r m^^ tmahem of OOIIIB «v<m for »ol<itltroly elior^r trMirs 
for 9t!seTflng mt oo&ttorlrsg m^fomv^mmit tm^ flioo<^«ly, oontrHmtlofi of 
tl» Bftesotie ourvrtttsro to tlio ooottorinf wsali ^ apr^ reoiablsr omell, 
<^) ?flPB i^yil iiiaitft Mlf^ HA* 
Tte eoni«t« t^ ©oil »it» imthoU em t># mioi ofor twK* l«iij|i;tlb« for 
whloh the -veloolty ehf^ ngwi efo e«all, l,«»t far fueter ^i»tlolo«« 
f hie nothod eiflft not tjo {«|^liei to low enorfcr treoleo wliero tlio T»looity 
of tlHi i^ftftieloe 9Sti9. fuHRoo %hm TDtlno of 1^  for fm«N9#eeit« oells thmim* 
TKpiiilf vith tlHi reeiioisl riuniso* It io tliertf^re oomrtnioRt to Tiiry 
Qontiimooely tlio siiw of the aoUf in eeoli m. vay that tlM probable 
32 
re^xm of D wseiiiwi <s«3«et««nt TQT ww t^irepient nl©??!? th« treaJr of 
9to|»t»i]iff fjssftlolos «i^ to or ftosr tbo end of tlio mn^^ •?Ml# Ti?Oi» 
oodHTO i9 rofBrroi to as th» 'Conotant 9ni!itt«t* «ietlioi« to ii«tiB« 
g&iBh It froii that ^iiploying A ecm«tiflTt colli 1OB(»^ I>» It intfi lTitro» 
mto«< iisdOTson o^ntly tmd emtmmerfm^mmlj by Bt»wi« «t wlX% ' ^ 
Btl^ wrtfc «t al,^ ^®^ «n4 %y Holto^We ot si .^^'^ 
JaJrlfig tlie i>o%ioi»»lmf npproarlWRtlow for tlio vmm - o^orfy 
rolfttitmy It f!©y ^ sriiown tlitd 
wHero ^^  ^9 t*5© eoll le?i'^^ jit tl^ a r«f)t^al r^ rnigo H, I'ltt®, i t lo 
i»o««lblo to oofif!«t«9 for « portiolo of any itiiii* ii«a otift]^* « 
<9orl«9 of «Joo«8siiw vsltioo for t?» eoSl slfli» oaoh timt t!» Yalti* 
of 1^  ronaino e<»ietiiiit mi. tf^ mil to itiy Amiim^ TOIIM, ^ueh oohome 
for t»roto5^ o iflii n-^ ioaefiii lusi* boon Hwn tqr Pi^ «t si.* ' for 
41ffer«?!t Talueo of I^ * ^eing tho 1»0/IB protofi sohaim, tho vabit 
of ^ on onaii^ g treses hffm h»m nttfrart^* flMi mrnmn of th« i^ fiv* 
tiolos Hfivo IMIOII ooei!)ittod f^ raii tho tellwdng roltstion 
whoro 9 iB th^ «nglo of 4ii» of ttM laooBoroA tmek in tht tn^jrooofiott 
oemlfsloBa a»'a ''nffix W ro?>reoo»t« tho ymam i»iirtiel«, 
Oenorfaiy, tbe m^9 e for tho oolooriod trttole 1© ietnll, ther«-
foro in Buoh cm&s the ebove mepvmeim strndU heooiae 
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««terfflin«< by wlnr m •«*T 1I>*|» mm'ber of Offttii* If, lkaw«v«r, 
tho «m»%«r af e«llo i« not l;ii*pi ffna^ili, th$ l&xm 4efl«otieii« Ait« 
to 9ingL9 so(ittmpl??g may Inoroapo tlio rmt^9 of ^ for tiR«iTl«ii«l 
trafliEs, f ho lergs a«fl»6tim»8 auo to 9in0m ^eattftvif^t m«y %• 
uToiao^ t^ «el«4lT?g oil thot« indifliitfi]. •olii«8 of l> laptBter t1iiB» 
4^ 1 tMo Ifl »ofi8rs«o« to m tlio •eat off* t?»©e#««r», lu nr l^srlTit 
tl»« •out «ff* p«ooo««n« ttio flM^ valtitt ^ i« thisft fowi« tftor tlio 
fmrftkl of tho IRX^ Vf^ lttoo of D «R« the lisdt ^ awst tlsexvfova 
lit fotma t»y trlol «ii6 •f^oyf tMo iff a todiow o^r^ition in ^tHimg 
with a long troflik. A lo^o to^^wa «i8tlH>a ie to Tvplnso sXl tlio 
•olttos of D pwotov th«i 41> by tlie Tolao # itoolf, fills vHfdnw 
most of tlw original ir^fomotioR i^a Hi^ o ttm meermts^ titcd tHt t>vo» 
e«^M for ^totnlnlRf l> oomrovnts «ne!i itiov* r«r«i€ly t!tf«i «fli«B tlio 
l«xi^ eil^iila ar« oomplstoly vm^rM^^ ?fi«f«fox», tho 4^ raplRotwnt 
Mhmi m HeiKvy iemlsing ^«»jptlolo, OfUftiottlnvly m oloir en«t ioni* 
K9» m etoii» i t aey fd^9 tbo olootMOt 101 lufmlna sufftoiant to idlow 
i t to proSam aaeonflavy iofiisation. "^t^ eloatron traeice nrt ImoiiR 
i# aolta rays* fbo iolta rfiy^  i»oii)t awmy fron tba pgtli of a tiesi* 
rolotivistie hoovy T»ft»*iel« *«* bii^ va a oovponant along tMt pf^h 
i f tha iMiify piirtii^ i« r«lifitl<ristia« 
f bo dolta ray in eettleioR iopanAi OR mtmy tbinip!. l'bo«a in* 
ol«4a tho Tfmm • «n*fiy ralati^i for low voloolty oleotroita, tba 
gw i^n Blaa of tbe oimtsion, tho eeattoring of tbeso #lew alaotwffia, 
tba aoi^ltlTity of tba o^ l^f^ ion i»na tb© dowaity of brtolrgroiaia 
olaotren traoka* 
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f li« i9rml%y of ci!«lt« rwjB iiitrsf^M with "IIMI siifisaT* of tlio 
ptrtlelo ehefNp, %ttt iJi owmtlyjf eno leoot fillav fof tlio fudit t!i«* 
t!)« eov« of the tMtflic itttelf 1»70ii^ !«fts «• tito piupiiol« ehnygt lfi» 
ef««}98t f^ a tho oonT4^tioii« m«y r^tfSiif eAS^^mtmi f^r trmt^m of 
r^rf h»$efy nuclei. For lli^ tmolol %# ti<;lco tht d«tt»»x«3r dontitjr 
ii|., to bo Sr 1^  ^OR the tpolooitjr ie Hi|^ oi^ evi^  f^ the mieleiio 
to h« 8tt>l|»^A of eleotroi^. Xf e diffoxvi^tiel. eoi^ MRt of the 
treek H^ a le«(>!th AH* thee tho totnl maihey of 4elta rs^e em e 
tveok hetvooB the poixit vhex<t the frartioXo -velMitjr in 0o flAd tho 
point ^oxo i t coaee to roet i« 
%rheR All el«»int of t^ roton path« AX » enoonE^ i^sie the e«iMi vtleeity 
interrisl ii» the t iw^ eleneRt tRt i A * Csi^^> iR %*»r« Z** i s the 
mee» em^xti effeetive oh^ j^pge for «neitQr lonot liii ^ i» the peftiel* 
me09 in finite of prot<m neiift* AlBo* in ie9«evid, n^  • S*^ V» %ihere 
S*** is the »ei«i Sfiiafv eff*oti"re ehavge for the i^m^iSfHtm of ft* 
rftje and V is the niMher of ie l te sn^ ^xvAseet e^ip oentiaetve 
of trpflik of e singly ohar^d f»«txtioXe, In generrdt f« s»4 f 
will net be ezaotly e^tei, f hen «• hsee 
1^^  A^ ||»2 
f he ratio 2* V2*^ ie i»sua!lly imffieientXy near «nit eo th?»t one 
«a» «i»Ti«wi»iite, m& ««ite Hg » ft _[ V «A«* '^  ACA) • 
We hefo need the oonvention esdoiitei by ¥idnen ti% a l .^^ ' eeee*» 
rding to whioh the gspmXn eonfi(pr«itions aofrt etteiA e ninians ai«» 
pleoess«rtt of 1 .SS yM frets the asdLe of the trai^ e» aetn |»roJeete« 
on the iilane of the eMilei4Mi« 
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fbe t r « ^ petrmeiter9 viermnvsi. fop the iamtifimt^imi of th» 
leati(m« g , piRd Ifstogml in»9t)«r of aolta POSTS* f^e« follrndfig 
eonMnatiofis of r^ nprawttfe heir* t3»»i» «»•« fop th« id@?itif&oati«i «>f 
pfiptloliHit ««l^ «f!ai«f «s the iiittiipe of the tpa^» 
(1) l^fgDfmtmnpiRg pRFtlelen hmm Iseen l^©r?ttfie4 hy the wnltlple 
eorttepiitg !!!|ii« noTmelieeA gp i^it denelty (o^n^) nethed, fhe vuluee 
of thep>e two ppjp^smtBXti spe iwt^ pRlBOd at t ^ HfmB -n^liit, fHwoe 
the i!TaiB ^mPitf ie Indetf^ md-jfrt of the i»iisi« of the |»«ptiote eDi 
aei»fi€e only en Its •eloeity e!^ « eh;«Pie» the eeetteplnff ^ap«i»etese 
fop two pnptleles of «^eet ^^ a??a P^ of la i t ehap^ vhieb ppo^ee 
tmelre of the e^ fse gpudn (t^nmitf^ WfCtimt Invepeely m the patio of 
theiP a^aea 
<a.«T) 
Piipthep* i f one tiUMie the i^lot of a and § fop a Tmmm i»aPtiole» 
« ^ fpotewt th«i eiitilap plot© for other faptiolee can he ohtnineft* 
Fig, (2.3) shows sueh euxves fop vaptoae |»aPtielee ohtnlneA hy 
uainn the tehle ^lw» by Batltae"'' fop pPoteae« 
The »f»S9 ^IstrihutioB of TrnffS-om aawple of a i n i ^ ehaP^* 
f?f>ptieles identified hy («, t ) ?»©thod le girasJ la Fl#«v (2.4). ve 
get aiatinet ?>eir<k© eep»<etif»ofidlr!f to the mmm of pien» ppoton, ae«» 
t^ron f-B'fl triton imsilefitJiif that the Idei^tifleritimi la f»3*Josi. 4iii-
insshifuoiie* 
(?) Th0 ?«to|tT«inf fjpptielea h»^ e been idertified by oaPr?lnf out 
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(1) %»« a«teiralnf»tlfai t>y e«»t®t«?i*t sngii^m iwthoA^ 
( i l ) H«flld«al rmm vs intofppul itoabev of d«lta ray« (R •• R-). 
treo!ce for mmn ftotey^instlen of tli© pnrtiel«8 t>«ing nvotfln uofww* 
plven >)y Fay ©t al,^^^' «n4 the i?ee«ltB eo olftninta IWM l^rtf»F 
eotifizm«4 liy iwiiSiMrtng r©sl«n<ii rmi^ goa lnte(»r«l nwiiMv of iolte 
Teys trymr eevtain ]*^iB of th« tr?9< ,^ f!i« AtmsAax^  oupv s^ t»t%mcii 
r«9idtial Ttmm 0^ 4 Istefppil nvmh^v of dttlta raya for iiffitront 
p?*rtlcloe hgf* t>o«ii i»lvor^  In l^ g« (S^ «9)« 
36d 
1 
nsiDUAL RANGE, (cm*) 
f n * 2.^ Variatiou uf tb«d integral ou^ ^^ r^ of delta r^ya «iitl) 
residual rcuri^ e for Jiff«rent v^rLicl««« 
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3S 
.:iiimr^ i^Mrir3r.»*nK^n 
-(t4a-ia©)» (-aiwi^f©)^ C5aa»f5ao), CfaeMfed) wf*i (§!M4a)i%^/« 
<^ >^ #si <!-> i#ttl <il^ > lisf» «!«« i^ ®«fi i*tifeliM, fiirtlMip, ^m hmrn 
elm »f n fo i^ <?5 «!!!iilJi$«» ©f #t»» f 9 e» "?• f © «» T 0,ci« ^i mtpmrn^ 
t o ft %#is» ©f 94 ^90/9 'mte^mm fmm tfct fS^i9i fmi^m ^-firnhm/Um %m 
^fm wm$0 "fitt fimr Hofiirtty #f I^w ftiDton iMum nt ttw m^^^i^ 
of t ^ utiseit IM># %t«ii oetiii-igtoi to 1';;* ^ (7,0 j^ ^ «f) 1 fis' i^f^€«« 
nor oir, f l » tlstoii ««f« wmm soi^ mioi ipa t^o ot"*!!^ ygoogioi 
noTO «tts«loi iai«#i? (I0f ©tl ©%5o©tiip» ^ t 15T oft^ooot, ^ t l » 
pfNie^it ©iPo» tl» Po#<>««iflfy ti»«Aii *^tfc -itiool^o- tiwit«fliti«s #? *f *f 
tei*v© %o«f« tslew! 1^ uliowof, tlioii© wtt* <»S^ jif" <^^ 0B f»«y i ^ tist 
»t»3p» iiltiie«#i till* otiii?»<^  sf ft fio«rtt|r teffiietut twmt %oIit|| stPnoi 
39 
«or?*««t«t f©r th i s la©ff by ©€«Mil*#irflnjf tl!»|y il«*i»tl«iti«»i» tw tlw 
fh9 B^?>m vltli Wj^ ?^ ^mv «^«ty»«« t© tmr#fftii?»it« t t » e^jjisso* 
t tyist l isa of th© »©fli??B«afy ««a»*lel09 i>f<Ntee«« In tli«ii« i«1»»seftir9»*»» 
For thlsf t«irpae«t t!i» tr»«*f« Hiivlwff Hip m0.9m 4^^ *** ^ ^ ««»iwi» 
IM88«li «fl!Wl»l<59l, «1l9«l.fi0 lOfllfptiflB ^1«5» fBi rf"-"^" "^ ^ ^^ *«m 
tsi»i for t*6» i^u'^tifteistiflm sf t^ iMPtioteB ??«• %>» if«}|»» ^entteiplTipf 
p«rtsHMit«p» is'f^eclflo iof^iBi^tiofi IRR^  t^» liit«aral i«»i%fip f»f 5»lt« 
risy»» f^i«tfc«», #«t«tl8 of tli#fio m090nT9mm^ h^^n twnws fff^?»fi «!?«•«• 
Lt i/!54>Ttin W ^ . * ^ luTTT 
t» tli# ln»j!«ry avmep ©f mjolt i . I t «ii^ hn »t0t«# tltat t1» poloetlon 
tilo?*e o f fMWs^ts* ^ CfOfW^f^), (^SKW17II0)» (4^?V?M»io), ««« ( ^ • f 40) 
^ • V « T«srp€ctlwily fiJti W#Hrmel«l of mmmtf^vm pr©©,*©* tlii«n fO^ * ^»^/«, 
^^ower«»t "^^  *** i^¥e?'«pt «?»«il!pl« %«• ?i«vt i^9»Qti8fi«€ tli« m^frtts tm 
TtTotoiiiiy auwttwKrw, tyltfmn, ff«*- TI«»1#1 m€ «tmrT»l<m« tfii^ff lii tli« 
mmm^m in%%rvr\m ^(?*4fv^l>0), (^5<VtJ>5^>, (5fXM9r^»)), (9f€VtftW^) 
en« (55-14©) ^©" /^e wr«^#etiv«ly, 1 ^ ?i«»%«s« of T»wstofi», #«at@«f»«. 
• For i>r»?*eiftlng th« f??if*rao*«pl«tlo« of l!o«ntialfi «© fei"?v» mmami 
tfeat n i l tlio aon%ly eh©n?#« part ie lo* nro 1»o5(l), 
w 
T«bl« (3»1 >f 5¥e«ftttney of •mi»»loR of $itf9rmt ttetftiolo* 
^^xa^mr of pnrt lelos 
eftor mmkinff oovf<to* 
tloii fer tl»o lo^fioa 
T^rotofi© 
^**e«t©ro?*« 
'^rttoni! 
Hoi^tmol*! 
J i ^ "• 
(?4CMK^> 
<!I5<V1?»90) 
(50CW1560) 
(500-1500) 
(55-140) 
? 0 ^ 
«555 
190 
174 
%m 
< .^50 Ji 0,0?> 
olop of prottms, '^ oatjsrfsf^ .s F^ndi tvi^tam^ "Pi!* fpocf«©!^ «l*? of 9«l-» 
«»ier! of lyrotono, a©«tei!»©r!« nr-4 t r i tono SST* ^^r'rogrli^fstoty In tli® 
rf»tio 9t 5t 1 r«i?t»eetJvoly, t t Pf»jr nliso Iso ?tot«<l tlift tl»« ©«l*filo?» 
fjpoeiionei** of tFitoiw mn$, Wt'» miotol ««» the eniso. 'P'Niie, t t in 
ot»e<ir^o« tltt^t of f^ll t1» f»i«irly eh«»»^d ti©,?tlelo^ ' ^ ' ^ 3 ' nm <^?i.?t#» 
roftp iii^ « tpi toi®. '^hip mm'b9T T«»i»if»f» nt««^t oon«t»wt orot* ^if^^ 
roTit ^'|j - ir»t«?rr?»l.f». I t pfiy 1>« «ot«« tliat fmr v^ttXtf i^m If! 
r«ni«on»l»le «ifT©«i!io«t with tlipt oM?»l«e« by '^ ?».r91fif ot f*l*^*%T'?*« '^* '^ 
t^ yiSTOffOfi • ?>s?oton, ao«tos»o?» mii t H t o n , 
4 1 
%^Meli Is ef^l««lf!t«^ to bo (0,0^1 jt C»^Ci) trtm ni t tho «»*«, Is 
foistia to inovonPO ^ t h <^|,>« A similar foatntv i s otsfioi^ot In t l « 
«««»e of t r i tono m i i « n . '?ti«»o foot» afo i« f io« to i in ?ft1»lo (1!«?)« 
?«t>lo (3,?)f ^te m t i o of %rittm» m^ o i l ©t!w» puf^ieloo, 
Tmtle of aoflWy «s»« f»in<!^ y oltarpioi t»»vtietos» 
ftii^ tlio t»«f»oo?it«i|Mi of ««ot«5Pofio fiRi t f l tono oBt 
of n i l ttw »fR|^y «l!«y^4 wnvtielmi m m fte^etton 
of <W^>. 
ftatie of t r i » tu t io of SmtVif "?*iMPO®iit9i?» of ion-
K,^  into^Tol towfi !*?»« o i l tmA t^if^fSLf o l i «^ t**«jf*« «B« trltesio 
otbor t^nrtloloo mi i»ii»tielw» of f*lt tlio «i«ifty 
OfSWflilp T*i>f^*9*00» 
7«»t-7 0,C41j^»0€8 0,O44j^*<)€6 2?l,<IOj|^,87 
iS-4? O.C!9€jjP,0f4 0#©7<»;tP.0fS !?8,*<54J>.79 
7-1? 0.049jp*m3 0«05l*i^.©f« ??.18^»t?6 
1Vt9 0^fm^»m3 0.054j^.Of? 5«.^i;?.45 
j>o-?9 o.eWip.cis o.e«54^«of9 ?€.f^^«.i« 
50-45 0.154jtp.l?45 0.e>^5je».e5? 56.7«N^.ff 
3.5* yjf^fftllr gLflfA r^iflp frtflWgTi iP 9t t^ftrlMwi anjijtg.'ii.gf !<? a g * ^ 
In t!»l» oeotion t^ t^ -poBoi^ t oup yowaits f«p f t t i i f t n f tho 
•nytatioR et nTOTaiO Ofiifolow frtflinoney, <f>> of T»i^ otoROt ^««t«s*» 
one, tiritoftff «r« Ho'-nuetol with < \ > , < \ > t <1 -^> «fsi <W^>, ^Iw 
•iilt^os of <f> O0rroir»«Br««iT i^r to fllfforert; <W >^ vnttiog fop tliooo 
42 
th« vjirlation of <f> %#lth <ir^ > fof #»©ti ^«»rtlol«. ft i« f>««fi t l i^ 
<f> In the ©«!»« of pi«tom« R'*^  «e«tey6«» lf»««Miiie« lin«firty '.*tf1i 
< l^j>l th« lTiei»ef#« iJ» <f> f©p ««iitiiw»i« 1» 1«9« r»r»l« etmrnmi to 
t'oeo for t>«»ton»« ^l» followiJ^ir f»liitloiii«1ii^ %tt% «^fi <f^>t 
<f-> m9. <lf|j> b?\vo t>o«m ffl«*»4 
(5.1) <f > « - e , « c • o,S!8 <w^ > 
<f^> m -0,47 • 0,10 <W|^ » 
I» the e«fo of ti4t«ii8 »«i H#'««iiel«l, li<jM«v«r, <f> fi?»s fmm 
feime to l?ies^ f^ -!o «««»JT*^tl«rlly vltl» <^^>% <f^>* <%,^i »^ ^ < \ > 
hftvo feMifi foi»»« to »R!tl»fy tho followlPir •«miKttoB«* 
<f|> • • o . 0 n • 0.00156 <W,j>^  
<fjl^>« O.OfS • 0.00110 <W^ >^  (5.4) 
tfefel* (5.5)t fftrlfitiwt of m*vmm »«*1««1©R fro^tney of 
<v 
%47j©.?© 
15.60jp.?8 
?3.f4jte.45 
55 .5^1.5? 
oooRoy of 
^lotoi t t <f^> 
1 .74^ ,14 
5,^1jtO.?4 
6 .55^ .44 
9 .334,1.^ 
Asrora|# f]pi"» 
ouofwy of 
G41lto?09R9 
O,f9j^«0(5 
i.5qi!0.i4 
1 , 6 0 j p . ^ 
? . 1 5 J P . 7 « 
ifRofmy of 
tv i to i i * <f |> 
f^»io*f^.m 
O.IOjiP.Ot 
O.TIjp.15 
1.70J!).51 
A"»Of?M«0 f t * -
rtw««o? of ^ ^ 
troelol <ft?^> 
0,1?>jtf^ ,f^ * 
0«?^j^,<36 
0.5?J8J^.11 
l . ^ j p . l O 
2 at-
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^s* notioft t l i « t f a r «v®rr T*)Biiitlo1.« <f> inrrsmmmt tinmprHy " i t i * ^ \ ^ « 
f i l e wtt^oa of l«f i0t fltfiitftiwi !is»9 %e©n w««<l f o r jf««ft©s l^i»l?5f» t ^« fo l l ow* 
ing T9lf>iti€mm 'b«t%n»0Ti <f> nM <^^> 
<f^> • 0,37 • 0.30 <W >^ (^.«5) 
<f^> • 0,17? • 0 .m9 <H|,> C^,*?) 
<f|l^> • -0,Tm!> • 0,0^?>5 <%> C*^,^) 
fbe •ps.fl pit lots o f <f> wf t i i < ' 0 *oi» inf^tofis lifK5 «o mif^f^-imf^ 
beo?5ii»« sr©y trao'feB a w »o«?tlv mi« t o f»i»oto«is, "^l^ewifesw, the '«r?i?4*s-. 
t l o n o f <f> ^t i th <??_> foi» «11 tls© ?>f!rtl?»l«ii «9ro«frt T»*«*to«« **f«« limei* 
invwpt i f rato* t^a fo l lo t * l f t r o«faf»tlof«« fei¥9« henn o%t»l«ei , 
<f^> • 0,14<^ • 0.?3 < *y {*.9> 
<f,.> • -0.1-^15 • 0,0<l?»<? <^^> ('^.K^) 
<%,> • C.137? • o.mm <w^> < ' , i i ) 
I t 1» olofk? t^.flft <f> i t ! OP^ OIJ OS«O v-»s»teii l lBOftyty %?lt^ ^ s ^ * 
^^e vef lat lor^ o f <f> i-ittli <^||> 4© wofMi i^jipli t i^ t l ie e#»® o f ^imtoron© 
fis eoBmoyod to ' tho f© o f tH tew i i o r *^lUfi«ol»i, 
Th« Vfr lp j t lo f ! o f <f> ^ t ! i <W.> l}f# >w»«i^  IPlvOTi i n " '^r , ( '*,^)-
f u r t l i e r , <f> pi!ft<8 <!?^> httrm Isoow fenwia t o 0(»tl«fy t ^o fotlo*^- t^?*?f 
r«l?ittonshlf«9 
<f^> - ?.574 • 0,114 <»?g> (5,1?) 
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44 
?«4, Bef*«n«t»c«i o f <f^> em < " T > » •^"•«> " - ^ ^ a ^ * 
_ x . . i i n i i i i M I III ' i i*"^  I . W - . 
hmii b#«f! ot»*»©ir7©« tl»f«t < f .> !«©«>«#•« 11ii©«*»1v <*dt% t ^ Siseref*?*© i l l 
t?»a ^f»1««i o f <''||>i <^-> »^fi ^ ^ > »« 4» f^l^PwRt f*<» ^ # . ('^.4 ««(-ai. 
<f^> m -e.145 • 0.01? <Wj^ > (^*16) 
<f^> • -©•1"90 • d C ^ <ir^> <1,1T) 
<f^> • © . 1 ^ • o,m<^ <^g> (^.i«^) 
I B t i l l s Rootiofi ym t i r to f i i l i iw^ont lBf «pl?5*iioB e^ni»?»e*<»?lf»tlofi 
©iioli <# «oai«fi t i», emmTm se^H emmtfiV *?l8tt»itmtlof«» o f r*T^im9 olspei** 
• • i l&y m i , 
Tli« «3rn«riffleBtfikl aioinof^tftp dflPtipl^utton o f T»?wio?s<» 'Ni* tjoesi fonaii 
t o b« i-«f|»ro<!me«a mmemn^tf ^mXl by the f d l l o w l n t txpi^fffi ioR 
w(|>)d|, • f «3ef> (-«n>^) «p (5.19) 
i « ^ r« 11 fdfj^  p a r * oofnits^Btsi. f l i o -r t l^os o f tliee« oofr«»tpi«tf» l^frw "btofi 
aetox<9«ir!ed t is lng tho *i«»tho€ o f t o s r t jiflw-wn? f i t . i't»o i?f»1'?e« of m 
tm^ j? h?sv« t»«« found t o h9 5.99 t i cT^ ( w » ^ / a r ^ pjia 14.?75 (*^«^/er^ 
r#f»poetlv«ly. ^om«fittai a i f ^ i p l t ^ t l o i i o f ipiH>t«»9 hrm hemn f^hmm iB 
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FlK.<3.5«) emi the ir»lti« nf tfm rmtrp^m *>o«9T?ttw hm %«©f fmm0. 
to t» (580 jt 30) 1%V«. ^* 'Way "&« raentlonei h«i«e tl!f»t ^^li 
• t nl,* '^' 1i«T» ««•« t>^ « tnllm^..f$f «i^^iyfele»l •itpf^^elofi fay tli« 
mimvntmi «l«tri>«ti»n ©f t»¥t>tfm», 
*^ liigw also ti4«« to f i t tM?» «3tf>f»p«icm to oejp ^rr^o^fftioi^ l^ 
d»tft« I t 1« fOOna tl l fft t t » f«*ffl o f »0a*«r.tei!l «?l»f»t?il*PtlcW *«t-«j» 1;iy 
U8 glvo« n wueh Ijottor f i t to tls« »ir*^iHl»o«t«l «?«ta «»«* ofj«f»«ip©i to 
tho fo«i mif^fofttofl liy %11 «t al«* % Hofw«?«p, ^ hm9 fmw^ t%«*t 
t^o sofiioittiiR! «liiti!d*R!tion of pnHloto* Xytnff in ©moll ^fi^ • Ititeiwilfi 
wlioro p* iw»Te?»oiit« tr«*««T«!??« Pioewiittw, tmy %• s«t??«p©?ttei %? tlio 
difftrllmtlon f^ wsotlou ffiirtn t>y (9,9©). 
Ae wo hfflvo filro««3r i»r9i«eiit«« tlio woisiMmttiii iletH^lsietifHi of ««©• 
0R4««f3r "psotoiiflt ft fiotsa^ito «ifiinwi«le«i on I to wwfifjr il«tri%«tln« 1« 
( a a ) 
tsrofeebly not 9?e(fil]f»i« Biit fioiio l^Ofleow* •^' h«T« T?»ffei»T«oa to 
ppoRont onoFiy ilirtrltotloR InotOAd of aowontwii «lffltf41mtlors, %» 
ooniB r^loon o«Vo, thos«ofos«, wo -otwf'Oiit t>m otioi«^ «ii!tyl%iitl«m of 
protfuw «# >«11« "^ Mi* ftlotiriLimtlon hm h^m gdrm Iti Fli?. ("^.ffe), 
Ono Bay ooo fro® tlio fl|?»*o tlif»t tho Pf-pootiwiii ©tnjrtf* f«!llfft|r j^wlily 
ei*otfn4 ^ 0 MoT. Slisllfii* fo^tttiwo ai« obiootm^lo i« ttie r^v^mtt 
Ofoi'gsr st>«otraB! ^von 1>y otijoy wos%-om^ • ^ nilfio. 
^^0 flow piv mntmtnT fiiotyltstttlon of i9i»otoB8 f»l»f"®ivo€ i« tlio 
pi<of»«nt osn^orlfRofit* fMw htm h^mm Tst»««Bt«« Iw ^ijp. (^,«5e>, '% 
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(the foiwai?# t© tlie hmtitmT$ » t l o ) hi* %#©« fmm€ tfi %• (f . t j ^ , 1 ) , 
I t Ipi wc»i*fe^  »«iitl«mlf^i? t^ist tl»« ittttAy of (? i^Mti»F #ii»ti»fi«itlasi %«>• 
^tteesr witli tlw 9nmmy il«tri%*ittein of n iiiuptiete in twnorlf^iit m 
tli.t 4iwr»f«tijmtlflf» le «ir*«et«i t o ?»iv» iioiit li!f«w»«wttoi! on tli# weolw 
imicni of fiwiaetioB of t l » i»f*»tiet«i» In M ^ onoiffy neelosr «l»»tii» 
"^•§•4. Bci5af!i«iQ« Qf ai^oiitmii an Oiileai<m m^Mt 
Scat ter vX&t^ teet^wwrn t1i« fKwswmta tmii t!%» !«isl«i of #??l*<«i6« 
of iiroteffie, itt![toftoii»» tr£to«f! mi. Ht'-»¥mol<ii aw «»iveB In ^li?, 
(5.6)« I t i lff«r»nt «fsl««l®ii »n«l»« t!»«« e^mofdm to %• tlff^Tfiit 
«lii?oy llirltfi fop t!i# ««ii»fitt«! of tHu i*iiiPtloto«, iii^ieli i««wi^# 
vltH ffeiO iiio]*oii(i« la t!m isnrio of Oiilfiifiofi, ^ o *ata i»olwt» elifoiiii 
fwnte finve boon Pisit, ^ e t o tiMi eeleetlow oylt«P!l«8i ifmnmi m 
tll# ^Ip of tliO tyitOkS SOl^ OtOll foi? W#|i|IUyO!SOBt8f t^® HS^Uf^ '^^ fltsB 
on pj*ftiol«« ofdt to i flBly ia # f»g»ftl««tiii» f^«iio of tls« *«0lli ^ i i lo 
ooQta %• i!*idl«, t© eermtet t!i» mm'^T tit oi«mts ««« t # tMs ^otw* 
tylofil loss oiwyy ©1ifMiyv»a oviRt 1t^ lioofi e»»«t«s»« m ^mi^^,nm 
f ^ to r* F©y e«»pl«tonof«9 mis^m^ the ^nvi^^lem of t!^ ^i^^ faetiw* 
wltli tlio msfi^ o of tf!t*»iilo« IHUI «»1I«O ^ « I » J^ VOW tti ^ t^ .Cl ,^ ) , 
*?he(i, tiliilo Idoklf^?? for •nrimai <^li(ti?l%«tle»« af tlN©ps# isfirttolo* 
tMf ffsotop laiiflt he aeommteH fox»» 
^!i« in'9«»5.(S» mtmmntm of tji«ot««0|> «eirteiNfif»f!, trltofitt* m^ 
H©'- ««ol«sl iB fliffer«Rt iftt«»3f¥'?'l«« of *lo«# t^ l?.«i« # in t l » v^f^ iel* 
of »ial^ ffll?m idltli y^isoot t o tl»o urtBurf iis tli© Imb^ipm^Qvy iswrl;o«. 
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C HIS $ I OH AHQU 
' ^ ' ^'^ «??".^' ^^ ?.*» ''?^-'«« *^^ « i^io^nta «nd the an^ia of 
0 ijaA;>n cl protona, Jeuttrot*«, tritont jni de-nuclel. 
47 
li«v» ymem mhe^ In flir« (3.7 )• ^ «^ lwt«i^ >»li» «if ^mm tif<v« %t«M 
•e el^ os^ fi tht^ tho fiwitev* <»f e%f •TT94 i»«i>%iet«« lit «ny tntwriil 
4a Rcrt btoo«« to* ••«11 11^ 4 tH« ciiloiittitien ef <t)> iwiftifia 5wiiS* 
fie^la* It iBfijr it>« tiotieai in th9 fimf* t!%^ fov ^ta^ietetm •wU' 
t t«i ill %h9 hnalewTt AivvotSon, t ^ nonvnttm v9r fmtdtm is tii4*~ 
f>«fi««Bt of tli« iif!f?l« of owlfttlwRt Iwt for f»iiiiPtlot«n oititto^ In th« 
forwari divootlon* th« tHitatmiw inof«ai»«a i«lt)i tha awMPtaM in tlio 
••tvoioit emfrlo. 
(htntofftarHsTt ^ IIIILW 1i«i» %o«t% o<yfie9tmo4 nalnly vtt^ fha ^tifir 
of ralatlToXy fsPtar i^ iona ««« tli# -ni^ Mam of low «««ff?y t»lo«« IMI« 
v«oaitra4 l i t t ta «ttaf!tie»« Obvi^ maly, any nao^ aftiaat of i^ ax>ttat« 
prHttstitm tm iMiironMiraotaaa aoltlaiaiMi tmet axr t^aiit ^Im alMumafaih* 
iatiaa of low tmitr(sr i»laaa tp vtll* vttli thla TIOV nt 1t«ra atnAiat 
tHa a^asMflaviatiaa of lav oi^visr pi«mat «^i9li m* t^saaantai in tHa 
felloiflftf aaatiana* 
-1 
In tha •aaantwi 3*«Ria <9$»140) ffaV^t 59 ?ioiia luifvia %a«n o%9aik» 
•af ^ fiRal9«itit 9«»f « ta« i#ttli w^^^  7, fiia M^at INMIIMMP of tilima, 
aftar «?tpl3rlt»<i «t5tjw^«lf»ta ooipyaotionff tiJT«« <!Wt to h9 1 ^ , *M»la 
oozraarjoii^ to a fwi^ eatiay ner ft fir of loir $imvf^ t»i{«ia^0«T5 i f,04 
It mnj %a nota* tf»«t t!ia m»m MMAMF of rwrr fip?!«*iB ?»«r fptusr, <15-|>f 
Itt oor ©yt^ arlraatit la (4.?>0 jj ©•afi), f}mi tlia uliiag of lev m*.9T0!f 
plana la~7,8^ of nil tha i»tay tmclca. < o^ttf5fla4^ ^^^ lii^ f«i»arta4 
tliat tfea pfay piowa eo«tritmta~8^ to tha total tem/b^w of «»?ay 
tmaltat whai*aM Po»fall at ftl,^^' H«Ta Ft-^m a Talna of 5> , I'Nea 
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<H m 
^ o 
> a, 
3 
Oc 
48 
th« mmiiitwi ii»t«ifvplii edwtiiTXjnAlTigf to fl«r e«(i« fS5« fmm$ to %• 
fh» TfiX««8 of Ciy» <«^>t <%>f «»** < \ > ^w 1>*«« i55fOi»oi»« 
•tftfo !«»• ^on fooBi to ^ <T»^ j i 0 . f « ) , (11.«9 4 0i^4«), (1«.9« 
voliioo fo» a l l tho fltoro laio (4.?0 Jt 0«a«), (1©.«!I ± 6 .11) , (14.85 
X 0,14) fm€ (7.?0 ;t ©. I?) , f'ww ^9 »•« t^«t t!»««o <nionii njo « J ^ -
tto« iTi TTolfttlToly hofi: l^o» ©tawi, fo» tlio «!*» of awnmglgow vltl* 
e«r yopttlts tlio Tuttwe of t l « oboro vnvfm&t^w tiovo boon o%t«liio4 
f * « ^^noolor^o"*' «fito «t ?>».5 ^ V for f»tam vltli Hj^ ^ T. tlio 
voo|iootiiro Talvoo of tfioeo i^mim^tvT^ luipt t»o«ii oMstnoi to %• 
<9.«0 ^ 0.1?), (9.1? ± 0.19), (14.7? ^ ©.19)» mi («.<» • fi.1?) 
VOOpOOtlTOly, wItiOll OCHpOlOO 03rOOltOT>tty ndtll tl io Tl»l<«09 0%tj|lno4 
•ffio iBOflffl fmn^r of mpoy tmolro fc^ y stftW wStli "^ ,^ !^ 7 to (4.?o*f>.f«) 
^ ie t i ii« io^o t h ^ ito oofvoooon^inir T^tno of ( f .^ j f^ . l? ) 1*9» 
Ulnoolor^?* (19*55) «late. 1*hl« 4i«o<!'*oo»«Rt i« mm to tlio fiwt t^ ?st 
o i l tho tsraekft of lofif^tio iirrootor tlirfu 5.5 iwi f^fvo boon tf«v«B ijy 
hiB tw groj. wlicnpooo %«o hovo 4ofino4 o tvo^lr to l>o Dri^ osr.if ito 
ionisotiofi lloo botwooB 1,5 lOiA lOi^tgt. ^lt»f!t1or««(l7) mdt^Tim 
of oolootlnir groy tmfliro wooti flefli^it^ly lo«4 to m ofor ostSem^ 
prSlttSoA %i«t* f oiiS^iSn oor*«»?o§SJSf*to o iSS i M K o i i ^ i i l S M 
oooBtoA 00 CF8J. Siiailovljrt ^ ^ tMowfr wtth ioniofltion looo t!i«i 
Mo «rr«i*inof«t. Bttt tho TWIWO of-i.H|,> Bh«ml« t>o o l l i ^ l y BOf* III 
our oarpoyiMOfit no &mmmr94 to tl^ooo.^f '^*l«ootor»»(1?) Vf»ttto. *% 
horo oottilBot • ToXoo of (7«SC(|0.15) for <K«> for »tor» vith tthVTt 
% i^orooo in WiRoolor*8 oxoorliwii ito mVat eonoo oed to ho (6,lB 
^ 0.15). 
49 
IMS oaw?>«»»« ta t^«lj» oor!f«et>(initt»^ vdttt^ji f©i» sill t ^ «tf»jr»» It 
i s lnt«y«BtlT?g to not* t»»i»t tfioyo io « Plsntii lf^ 0¥9«iB0 lii t%» Vf»tt« 
of CW^ i« ^ o ORffio of ot»f« f»iro#«olf»ir liitmm ntmmm^ to i t s irf«it«» 
for al l tho etmni* 
Wow « pwiPOfit fioi««ten «l«trl%otlon of low «m«iPiT T»lfl*itii, 
fho «l«trl*«tlon fiiio tnioR wltown Ifi Pit, (3«8a)« ^^ e tinf'rp fewjii 
tfc!»t «fi «ir!!>x««isl<»i of th» foiw 
flt« t!w «irr«f4B»i!t««l fto»«» t^iii! iltitrllmtloR i^ iiiioR«i%ly ^»1t« *!»« 
val«oe of th« eoRstaiits ?? «fli« li !«««»• twon fowii t«? %• ?©.45 (^V«) 
nftt ©•05^ (?<oV«r t s««^i5«etlv»ly, flio timvmm rmin% of fso»#«twit 
<li^>, i s tmn€ to 1t>o ( ^ ^ 1?) w#ir/e, 
^^  l»«ro pyoeoTttoA tho Alff»x«ntiol Ofiovgr »i»«etx«« of low 
owoflOr utoii** 111 Flf, (^.e^). ORO may notloo fs^ ow tlio fimm tls*^ 
tho inwi^r of i»lo8o lsf«vlt»|? onoi^oo %oloif 1? l*oT ^itufte <loof«f«rt«iP 
mf»itl3r ?«»« tho eoRtrilKitloR of t^ lono tM>low 19 '^ oV npi^aiP to %• 
OKtyofioly sniAl* 
flio t7iiii#i^i!ir« tio»Rfit«m ai@t!i*ibittion him t!io©« SA'WHI in f i g . 
(5.©«)* tf a norBiel oorvo 1» i»fptnwi for t*» «ir«orli»f^iil «l«trl«. 
1 
50 
•0.80 {^•V«T^ ««* 0.0369 (1%V«y^t »t»T>#otlv©ly. flHi f i t 
hiMi ^««n shown in tlio «»««• fi«Bf«. I^MI val«« of 1^ ^ f©r tMs 
f i t 1» •«*iial to •<? for s ix «•»*«•« of fpoo«e«, ^ I d t eo»T««?»c»«« 
to 'voiy oiiiill i»rolMil>illty. nam^ vnlliro tlw twn-iOfitW! «tf»ti4%ii. 
tion ttet tntfWTtfO* »oB!Ofitiai doon itot follow a noBif i^ t»*stto«i« 
In fsott the exr^svinoTitfil «ii«tsllmtioii spm^r^ to %• IM»»IC9A mA 
tho Tisltso of tho oltottfiooa t>ayeiiot«i* i« fomi* to "bo «0.9<l. fii* 
at«yf*l«» 'vr»ltf« of tTm9V9fmm immmtvm^ <t!^ > § hm %®i» fowsi to %• 
fh9 »bi»oltt%o los^^ttiiftlnal, tRoiMintmB UlstvlTsiftiQw IIBRS VIOB (Sfj^t* 
bitotf ill Pifi. (5.0«). 1^»« «l»tHbetl«8 Is 8 "bijoai oao. All tlio 
•Rlts»« lylf!g %«t%io«ii 0 mit 60 ?*••/« e^msi to "Ni ootti^lly iMWfeiilblo. 
Thei etvomi^ vpltio of tlio atxtolisto loR^tttiiiml liOffiofttini i s (5^jS) 
WoV/o. 
Avorisgo *on»«t«i of vl^sfm ii» «»iff«i!«ftt l«torr*»l« of ^m^ ©»• 
?piT«B in Fig. (3.9«). It «9a3r l^ o f»oto« tlmt tli« vmlisot of <« > 
€0 not #opon4l iit>Qit tfm ofliioiiioii iini^#« 
The fifigolar ^iotrfbwtion %«« t»«p gi-ww! in f i f , (3,9%)» It 
i s soon thftt emi^ lfYV «i«t«11mtion ie fimipotvof^ie. fl*o trmmei to 
h§aikimTA m t l o , J , i« (?.4 ^ 0 . 4 ) , THo inrorofft oiaiiioioB m^9 
hm >««« oetliKitoA to ^ (75.S* ^ 9.©**). 
5 oa 
' r 
_ J-
! I..., 
J 
L 
O-i 
> 
s 
I :J ! jUHVd -fO O N 
I . . . 
" > - . . ; 
• ^ 
d :f 
" i . 
u 
c .J -i. 
« C « i ' 
» l e> «1 
S ^ • - ? 
t» i?> -^ 
o e» o 
i» a ^ 
"1 
11 u-^ 
0 — T 
'.: . -^ 
:> « '^ 
-•4 •:: c 
^ 0 0 
-» O 3 
»-• f ,") 
'.1 O 
O i \ • 
*- 'alM 
«* ^ 
• ^ iy : J 1 c ^ 
' y \ 
C.3 
•HI 
<;313uu* t i JO ON 
dO ;ib 
• ' " 1 
-o 
J 
a 
o 
o 
I'S 
s 
o 
•• -r 
«<! ID (3 
CM 
d 
d 
t 
o 
Q 
c 
••3 
£3 -H 
•Hi 
'» V« 
o o 
•H -• 
*;? -^ 
f *» 
o 
f! (4 
i4 
t4 
-1 •-' 
o o 
^ a 
-4 O 
ON 
3 
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5 1 
of Tmelftiiip «l«ilfit«p^tia«« to im$9m%mB the vme'^mimi t>f t>.f%6»»» 
ii«ol«ii« eellldioiie, B«o©tjst af tMn 5Pt«Pfli! ^m liasro ats© «tiiil«i 
w t e <Hj,>» < \ > f ^f> (W»* <^-> fo'* »*lt t*« iit^w ffwtis^i i« tli# 
pT9mvnt afiftlypla. ii« iil»all naif 8iBemm» tl»t r-'.fflftttafls® ©f ^g>f 
<lf_> m€ <M^> wl-tb <H|j> in ^lff«i?«fit 1^ imterralff faf tls« fstsJNi 
eoffssi^^rti in t l» t>f»»«!»t »3rw#i?tt^ fi%, "^ R^P o«Bip>?ij?if?t oar i?fs«lt« 
wit^ the ««M» at ?f»5 ^^h* we '^ aw al«»o i?»tti«l«4 t!t^« ^r^ri «glloiiii 
for i»«lii»©l«r»« '^^ ^^ «®tai *^ 9f»5 6«V«. 
5.7.1. 7ii»ltttioo of <W3 wit!i <S->| 
fli« -ratt}*« ©f <W^ > eon«e»potiai-n§ to •nueiew* <W|j» iff l^ttiw %m9 
^ ^ ^t«iiiiw«« In ilff«>««eftt l|jj l!it#fVf»l«» I t l%«8 1>««ii o^«»rei 
«fil?« of «o9if>e?is0ii with OBI' jfiwi«lt» «» 1s«ir« |slott#< <1^> -^ <W^ > 
ifrsspbR f ^ '^fiii««t«p»»*'*' «sta gt ^ . 5 %T fey tiso «tai« ^ t l i 
^^m ^^ « ^ « * ft «©«»i ag»eeii?#f?t "b«twi«i tfe» f«ri!ltig fitm t*# two 
«xf0iri»i!!t«. fbei^ o v^^tatSano %mm ^oon fs^ ioun tn ^ t » (?»10)« 
fttythoi*, <W^ > ?m« <W|j> !!«»« %««!i fanmd to ontlsfy t1» fo1.1e»^ l?^ l? 
roli^ioiitMlse 
<W^ > • 4»f77 • a . 1 ^ <W,j> (1>ip«f9fit «Ki5t») (^.?:>) 
3.7.2. Poi>o«aow09 0f <ir^ Qti < \ > i 
for »tii«yif?f? tli« irnristiois of <Wg> i*ltli <^ In iiffitr^iit 1!|^  
! i4!- •••i— CPre?«Bt experlwtnt) 
-~t- CWinzlerH ex]»triflt«nt) 
olcl 
7 II 15 19 23 27 31 S5 3» 
:fia, 3.10 de la t ion between <i^ |j> and <«,> 
52 
Ititeyvnls, the ^p^^^m ef <W > fmv'mr>mmf^.K t** ^tff!»f«?»t <1^ > 
•xt^xdnen^. "Pias fiiot ! • wfluettNl In IHR. (3,11 «)• 1Vf»i t^« 
fi«!as«» *« h«^ fmm thut t*««f« i« no i»fi?«©ww»t 1>«t^ ««R ttJt tw© 
x<elfitioii0« ^hto di«flt«y9e«^«fit eo«nxii ««• to «iff*y««t erittarim 
of fiolootlfif? fffoy tp»«lr«, flio iwlstliwiii iflirofi "btHtm hmm t»«K 
found to »tt>JO»oiit our <!r%ta itini ^l««»l«r*«^^^^ <«tm» 
<W|jj> • ^9.m • e.5« <lt|j> (wiBwitoi^o «r«t.) ( l . fS ) 
For tlio Ofiiso ef etftvo in i*i^ l©li t^t^tows fiifro t>o«n ebf^^yroi, foltewi 
1»7,?. i^nyifitloB of <P^ > %dth <^%>9 
•••M»w«»«iw>Mi»M»MiMW»«i»iii——i iiffiii III! II mwiiwim mill i ingjim 
l^»« vnrtetlfiK of <Hj^ > vltli <^> h«s nlno %•»<*« iiw«fttiif?«(t«tf 
<W^ hfis boon fdimd to ImsesMRO li»»eai»ly %»itti Cflj^ > lis t>o*li tlio 
oiriMndaHinto, Thee© v«rlatlemfi hn^o 1J©^ f*l!e«i!^  l?i l^f, (1.11*). 
Ho»o again %« flr»« tlia* tb©T« ia ai^agsooeiont ; -^.imm two ?oli»» 
tlotte dtio to «lffofWit oipitorl«i noea fo» ooioottfifr Msok tv^^N. 
<1»^ > ntT« <Hjj^ > hisvo bo«n fot^4i to ^o yelsto^ 'by j»»* •'otto«r?i*»if 
oci^fitiono* 
<W^>»1.1 • 0 , 6 4 < \ > (1>j-o<«oiit ostpt.) <^.?fi) 
: 4 ^ 
• f 
,£ 
^f^^-g-'- !S / 5 i5 siO 
9 0' 
! • • ' > 
" 9 ^ 
*J AJ 
0 6 
vh^re €tj> le th« vmm emi^nim f»«*tt«««y of nvtftemmm V 
eor«iotl«5(B« for tho i^tumtry nM <itls«p lo^«*», for ip»l*»tlv»ly 
fftfltep i^ wrton©^ Bm^9ffcsmt trlt^3»«t H» • imetai i-mi ^%.mt rtimfs tn 
tli« n0»«f»ttiw iiit©Wfil» ^ (?>40 • 9<?<5)» (990 * UWlf CfC© • 150O)f 
(900 - 15C50) «a»« (59 - 1 4 6 ) l^«V« ^i«^ ^««« fmin« t© l » 1.5< ,^ 
1.09, a«99t ©•90 f«w« 0.99 x««iii>«otlv«ly. finifi, %?© fi9tie« thfft t!i# 
•crifisien fpe«HJ«i*el«e af f«rt '"rotflB©, il©ti*»iMm«» f«»a ti?lt«n« f»f«t 
In tfi« p^tl© ft9t1 an^ t1»0 fip9i^i%«i'« of H#<» w^ejlol rfii t-rttrst* 
sfo alffloet ooiifit* 1^9» of *«11 th9 rin^T ehnrmii nmr^ietom ~W^ 
oM aeutdrofm pfii trltoBo, fM« fnm^or !i«9 boon fot»i^ to Twrndm 
fttaoat eon^tftjit over diffeiroitt ^^ in^nrvnlfim '^ Ho !p»tlo of fi.m'btf 
fsB« ffiBj^jr «fen»»i T»iir*leloft inaTttD^BB wltfi < |^,>« .^ jsff»ilp»i» fon-
turo hjm t»«n otRoyvoK for tritomi ©!«»•, ftirthor. It hmp h^mn 
««on that <l> ifiorof^os lif*9miAy %iitli <W >^t <^->t < \ > f *^ ^^  < \ > 
for a l l th» ^firtlolop* <Broot^  tliet 91 ifttitflriitto «^i!*oi»^ »i^ o« of <f> 
0*1 <^> hm ymem dbmivm^ in thm m^9 of trltoiM! mfl Ho*'-, iweloi, 
t t may %o rof^tleei her© t ^ ^ tlioro fi:.ro four lntf»f^««of»a«et 
s*teso ^^gf^ t ^ j^r^ » ^^^» «** ^^^* '*'* '• '^ilo^ <f> **«s» t>t<»i f^ RHili to 
do^tit. I t lf», tfierofowi, « l f^oa l t to potoot owo or t«ro f«it of 
a l l tho tii^ rnfflotorp t^©t wms ^« t#it« od ttio l»i«ii«n*^#?rt imrlaMoo 
54 
tor mmh f»tis«l««» In QT^.«9 to 1» «*!• to »#t«ot t!?« iMmrniimi^ 
Pftp*»eotei«, ox^rliiante e*^ cmli t» t*«i»fo«iio« ot i^f-^ 'iwent m^miesi 
so tlii?s*- the vftHatioB of <f> %»ltl» tlio t»s*wiMft«w, %helT if^fm^ 
iot>on (^ineo« nfi* nloo tholr «fw«i!¥f3r «»t»«f»i««o«. If ss^ yt rany 1» 
•f«tftblloh«<I« Hoif«v«r, o«p meP9Tiwm^»t tnumtti! «!»ow t!i«t <f> 
ii!«p©f«e«ii tlf^earty with <W|j> for ffmm r^mttioXm^ ^Amim^ foF ««»» 
etlmr T»®3?tie^ «e tlie JweroigBe 1» «!«o«reti©. ^ may l«ffer, t ^ f i * 
tump tiiftt <li^ > i s ' "Hi^ iiMy th« sHjet %i«Plo of nil ^m ptammtttw* 
fl» fpoewtfioy per st^r of ©low 'plans in i** tmftltiw tnttwi©-
tloiis In ottP «rp«yt!M«t tiaH b©«i frmiA to T5«^0.^ mH li» tfi© 
eae« of ts-ii oollieiofiff «t ft i»iBil?ir e««wiy Itit valti* l i i^ f . l^" ' , 
flmo, ««• m« thut tbo 7i»lAfi of low «rtoii^ "piflfis in p- Tnietons mi 
'pmp oollifiions ««• 9pm9mimHtmtf in the r»tio of ?|1. ^ t!i« 
Ija l^fi of the i<9lf>rttTe jrlolfti of l^ow j^imt for i*» fsno'^ ono ffii fn-fi 
eotllsiofis »wd tho f»ot thi«t 101 inei^oist issvtofi «f»l?of! nhrm^ tl%V9t 
(11) 
that t!i© l«ol€e«t i^ FotoB l«t#«i<tt» •stiootfieliwly vdtli tf» tm^^ looiiB 
iBfl^o tlio imolovB m& jiT9^wtm ^ 0.1 Plofur t*loB in eaoli onoomrlop. 
this %««sl« thofj w»^ thot fMz •oesceiflti^ fin'sleo^ tf* Ofl!»ti^ %9te 
fio^flitiblyt i f at e l l , to th« i^ iKMNotioe of thono tiiisiB, '%, 
thoMforo, f9©l %hmt the «»li»ir HIQBB oeiw frtm th» low «f»»«T tai l 
of tho pi one t^ ro^ wMi* in ««ee«»iilim oo11i»ion« of t%« Si^ eiaont 
proton with tho wioloono ln«i««;the nBotoon, hm r^fmr^ th« mm» 
hor of «low t>rotoii«, i t npjr 15« i?«a«j*»<!, ho««vert thirt th«y asw 
isootly ai» to th« enf»oa«ljng ^roeofo itwiiao th« mioletiB, 
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5 . »• 1?!!^. IPww. Ilsye. ?5oo,^  A£^» ' ^ (1 f5e ) , 
6 , i r .J , ?!•• 'TicwtaMyt IPfWJ. Plsf®. *'«>«» MX9 ^ ^ Cl950). 
pl!0'tO|?nSfshlO 1*!©1lf*04« P<llf|?8i*flflB IPl'ClMif tiOrt^lJlln ^ H f l t l ^ ^ j 
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10« If. 0«ttjpi-l««./Fifth if>*i*»«f»tlow«l eoT?f«ii<iTjee i^ n f l | ^ 
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58 
rioted tl»»t i9i<»Mniolmw lirt^i'setlone ^ve moh l9»« ln9»«fl^t«« 
thpn r^vott^n-mif^lmaf lfit«f*«tie(n«. ^h« ««ttj«y of i^wielaw i»t#sw 
not tow? wi l l not only %• l»ti»ltil 1« mi^mmtmiini^ t M fiMfii^tlsp 
of he^^yotwnuoletif* ooltlelof^e iwt wil l also t>iw)fvl«« t^«ftel tefei?!** 
hndrfm oolll*sioii». B©e«tt»© of ttsftse mmfmn %« l^ «vt «ttiM»« tfi« 
ehiipaetejdiiliios of i««mielt«8 «o l l l s l e f» . Hew m pitnll ^ ««if^ly 
m& fhmmT pnptlel* «iilti |»llotty •fiffltyi!mtif?n«» int«e«on«lf«ti«wa 
botweon tho m»m rmnlb^m of PI'O^^P* 1»lf>olrt rni^y tmA hemiVf lw*>-
iaslnfr timekfi^ mmtrkT €tetipitmtim!.« of %l«slr» «y^y ffl^ t»*rflwe!P 
t?»syticl©e, ©to. ^# h«wi »l(»o eowpmitA our »«ii l t f on 50 %''^/o 
i«-Tmel«itp eolllfPlone with th« r«m^lt«» oMnlrwdl hy otbtt WH*^!W» 
^ • ^ • 1 * ^tnyity iimiatiny t^i^rtielti !«iltii»Ho^^y, 
For aotexw»iTiliif ««cfMm«a2T rmwtieU aiilfli*!!©Ities In ?o ff#Vj 
#-nuel«m«9 eollifiioiw« 160© ftnm ydth l^^^f hmm Iseeti f«i»\if«fiA. 
"^ He mv^r^<m TOltlttlioitiwi of honvy, bli^elr, tmtr m(l ^hmmr vn^ 
tieX«^, ^ \ > » <^ %>» <^|^ e«« <5f^ > ref^r^oatirtlf ^tftnim^ in the 
T)X«of'«mt oin^rlBMit ttn „»U a9 i» oth»r emeyiintnte^^-^^, b^'^t 
"bo«n ^v»n la T»W« {#.$). In tlio t^iwtitt aB«1lftl« t!ie ©vmite 
57 
Talbltt (4.1 )i kmrm^ ohf^rm^ l»aTtlet« mltipMeitim im 
< V «5,540.4 t . l ^ j ^ . l ? 7.340.3 6.<liljte.10 7.5^^m 
7.?7j0.O4 7,CK»*0.C!5 
<ll^> L. 5.?4P.? S.17*p.11 ^,^^.9 1?.1>$*p.10 14.(u%'» 
• Til© f l « « t v«l««i* eon^sipoRi t o tH« aiit«i o f f » f , ( 1 ) . 
tiier* 1&«<r"- eoiiWMjt«^ ff»!p th« I O B » o f w^slt^ f?tpj!«t tfef»t I f i t f»t»«i 
w i t h ^,^ • 0 o r 1 f0 t^lXmmm l*!*® v?*lti«(i o f W^ h«vo !}0«fi eeiw*»» 
t»4 by ooisp»»riiif t 1 ^ s^stilt© obtained %y B«%#e1fl an<l I^O^IR^^ -' 
wb«3»e I t I s 5«T?ort«i tlif»t ntHSffiit 47^ o f tfs# to*i?tt ®v«Rtii oorf«»» 
i^ offid t o W_ • 0»1» If* owp 0*^0 ^ 3 0 « 1 ^ o f t i to t o t a l «^«fits eo-» 
lt»ot«<! by tiR ex« «!ii« t o ??- • Of l « w f i t « . I f tWN» mMb«i» i ^ 
is 
oorreotod tlwB i t ^TOU « ir«ln« of »4.^^ for \ • 0»1 rwntfi, 
TI?lo la hl#. ly otMfifiistowt with tbe oboorv»a TWIHO of ?4^ ^^WP 
W. w 0,1 averts ®« i!#t»0Tt«« by Glttoir ot «l,^ ' by ef>i*wl«ff oat 
l ino ooisprlnt «ei?»f"ttro»oi?ti!, WowBvor, in ^tow of t*^o ff^et tbfjt 
a f»v tJ«PO«nt of tb« J^ |j • 1 o^^Btn mey B1»O bo ^ e t o tb» 
bleek tn^lWt *»o .«i|»ly ft oewpoetien of ?7»55j for |^^  » 0,1 
f 7 l 
©vorto wMob if? ^ o t o Ho^r t «t nl,* ' , fbey htwm itmoitoft 
w j ^ • 0 oirersto t o bo 17^^ «»«« " i j • 1 ©voRtff ^1P.5^» 
5S 
I t If erif^ewt fro® •?»%!« (4.1) t'^mt thm mmmm fmtthm 
T^lieitles of \mmlly imiftdrtg vnrtiQl«» ®t» vljimfftlsp lii««fs«ii-» 
e&nt of &n«r?^ m& inaiej»t« thwt ttui fipj»oti«n of t1t« %rmr^ 
ti-f^sferrtd by th« l«el««nt t»artiel« to th« tar^wt mteletts Smtt 
Ti0t aft-nemi (or aerxifi^s only ^*eJrly) on th© e t je r^ of t^e T>ri«» 
aury li?i«ron, ^ eownerinf t ^ «i»ta ow th© ftvei^pw im?ltiT>liei-» 
tloii in »»ntiol«»f» gf»i T5rot«tti«««Boloufi liit««oti«!Mi ofw netioee 
thut for the heavily ionl«if»flf T»artlel®» thm9 siPtmi»« ?««« 
©ysteraratloally tom>T for i-rmelflw© eoltlplopiB th«^ for T»rotoR«* 
T'-Qolotte ootllAioRs st the Sf!«« l«ol#«fit «fnor«y« "^or 9rmm\9f 
<K3 for T>rotow->Ts«el««8 ooll lulon' ' n% 50 f^ «V/e is (3,07 i^f^.l^) 
fifsa for -^iMxolouff oolllnions i tn •?»!«« ohtfilneA hy «« lis <?«71 
jt 0,0?), Tlaift^  tif« i»e« that th# tmrahor of f^oltl»»toiiP i«^l?!« the 
nnole«#» for ». I>1OB t^rojoctilo In mialler th«» for a i^rotoft 
pro^eetilo «t tho s^ sao iRol^ent «ne«Qr for <1^ -j> 1« the i?i9f«?ni»t 
of the number of oolllslone liip»l<le the nuotetffl, kOfSQjAing t o 
the olip^ioel r»lettJf«e of oontpeontlTe oetllPlonfi , the «mv«im 
i^tiTitlplleltlen of Btielofir fruinpentm f*r# wm^otonloatly Inereaaiwr 
fttnetlon of the nt&nber i) of the eoll ielarw, The wvereiB Tffltres 
of V t in tuswt sj?e ent lsely -^eterrslnefl hy the «l»e?»f Ions of 
tlfe© miolett© A mH the ha^rapuiraelecsi f«et«^tlo if»teraotl«9? 
erof^s aeetlon o ^ ^ ^ , «eT*ee the «lf**«r«!noe hetween the he®^ 
tr?»i^ w«Itiplleit lwi in it-»A imd i9«»A eolllwicms em he e«#lly 
tmaeretood on the ha^ls of t h i s piattire of the hft^rofi-mietei3^ 
interROtl'>n««i In rimf of the faot 
0 ^ 
l«el<'^^>« ^«el<^^> 
59 
(a ) l^|,-^lfftrl%ettflffif 
tim 1h.«?» beer* ««»»j3*m "by ^Oftt«i l i fwa, Aft©i» eoiriNHrtlBi? f^ i*i*«i 
o«t t o ^ (7,39 Jt ^ - l ^ ) . tBeia»»?»t»lty, t M * rniv» I s !« ag!?e««» 
8»?!t %rith t he <!!-> n'bfrerw* ©t Mi?fe«y er.er«i«ii (ff»%l# ( 4 , ? ) 5 . 
falsi* (4 .2) i liftfvenilftnee of <S|j> on o««»r©r «>4S^« tiattwi* ftf t l » 
t5S«3««rt£l«» 
Type o f inte?*-
}«Oti<MRS 
• |w'f?» 
?)•%! 
?5«»1§R 
^^•» .•''1ft 
"pSm 
pmMm 
i>»%» 
l>>»l'?ii 
TN»B|9 
I(>»ISBI 
^ ^ 
l ^ ' ' ^ ! 
i i ^ ^ ^ 
fS»B!B 
(f?«7) 
<5.? 
?0.5 
J»».5 
rfnO 
67.0 
?oo,e 
?oc.e 
9C0.0 
400,0 
400.0 
17.? 
50.0 
^ , 0 
?00.0 
<v 
f l.68 j t <5.JH 
7.10 1 0.40 
7.94 ^ 0.?7 
7.50 Jt ^'•40 
7.!?0 X f>»9P 
7.40 Jt ^ - ^ 
7.30 A ^•^ 
7.10 jfe 0.?0 
n.io ± o.?e 
7.40 j t ' ^ • ' ^ 
6,6? ^ 0.)?6 
7 . ^ ^ 0.1? 
7.50 Jt 0.30 
6.53 ± 0.91 
T^ef»TN»^o#e 
(10) 
(11) 
(10) 
(11) 
(1) 
(1?) 
d '? ) 
(14) 
(15) 
(16) 
(17) 
(1) 
(1**) 
60 
Table (4.8) mhmfP the A9pm^mm9 of <l^ |j> on t?^ @ ywt>^9ti^it9 
e'mr^ Tm0.n^ frm € to 400 ^«Vo« ^ i!i«»5o54*y »^ * ^ o«»««fi 
<lfj^ > lf» fmni to %» lB^m^en^«iit of t^« etiowry **» i«ill r»« tlj# 
Y5f?tiii« of the 9ro3ootll«« It lf« wifloty ?«?»?iiwe« t!»i»t \ i» 
aii^otly eofrrolwtoa with th« »vei»fii^ fmi!t)f>y of eotll^'lon© ttmiat 
tlie Tmel«fB«i. If i t In RO, the «t>ov« iwpnlt yttm\^ t««iie?»t« tlmt 
tiMi iiv0i?a©» ?»tJfB>»ey «f oottlnloiia i w i « e t ^ f>«ot»«ff «^fl«t# «ot 
«0T>«f?4l on tlio tm9w^ bot «»tioiil(l iiftii^ly #«wm« m tl»« njpsitwyo of 
th« i5!Po3«otll«, fli« ««»«?!!r dt?«R««mo« of t!i« ^«vy t»«s«tie1« 
miltlt^llolty ^ietrllmtiossi mi Ito iseaB v»tii« In *»A ooltl»lflB« 
ie mtlier Kiealr 3i»»* i^ 1« * ^ «ft«« «f 1**^  lftt»i*etloo»^^ , 
HoM v^nr, !tj^  <!oiiof!«« only *«i tiso tiif»r*«t ftltwi «?!(^  fNi tiottii^ of 
the pro^«oti1«, fdiieo <W|^ > ot mmrHem >?€)^ «^  fittoii^p ©»o«ntlolly 
• eoRntf!?^ valtMi, tho eoiist(aJR©y of <^^^ wotil« ro«ii1.t i« Ismoytisfit 
e^B«oui0«9«9 fi^mly^ th« mermm mm\mv of oolll«iflfii» ln«»f^ tli« 
nttolctts Way be tnlf»fi to be eowHbafit In tlie «f»tls« OT^OI?^ rmm 
©tartli^i^ f*Q»s go ??#^  t© M^hey «fs«rirtoo, 'fbe ooffetni^ ey «iiml4 
• lee jwveal thot the ea«<eode T»s?oeepsee «e net «oiftln«te wi t t l -
t>iivtiole T»ro^ettofi ii» lia««)«*i!uele«8 eoll l«lo«», 
f^ftber, m wmm^rln§i^ t?» it^«»^iPtHboti<jii f^mm In I f , 
(4*1 e) vltb tbe ©owpei»t»o««lf»f dletrlbtttSoRe ebtoiiMi otboy 
iriee one is«y eo«©ltiie that Bet ofity tbe ©vei^w Vf*t«ee «f \ f 
but oloo tbe Bnltittllolty <!l«trlb»tSo?»« tbewsetvee ose oely 
nealcly i«m«o^ef?t cm ©oeiwr. *^e bi*Te «l!if»o #etepw|?>©« tbe vi^ liae 
«^ 1TnO~» ^ ® ^ ^^^b^ • [^^ * '^^ b- ] ^ ** *^« «i?»t«f^lon of 
tbe Hjj-MllstflbiJtJisaii, mi* ^M b«ve fo'??"?« Ite v«1»e to be e ^ o l to 
(1,0! ^ 0,OJ?) ^SQh i« In fnlT t>i0tT%mmiPiV^^*^^ vlth tbe yntnee 
6 1 
of (1.05 ± 0 . 0 ? ) , (1.00 X ^•Ol) mA (0.<?5 ± 0 .0?) ©Mslfi** f*t 
17 , 60 flf»a 200 Cm^/o r«9ft«etlv«l3r» *hlB 1« *?lfio lft©«m»lpittfit 
with t!?© i^r©«l«tlof«B ©f til© ©««o«*a« ©ir^aeiofwtioii «04i©l ''rt'^  
h»awfi*!mel©tie int©f»etloB«*^' «P4 rl^ mff ©tt'flsii? wwiwoH t© 
iii©a«l fir»?*joneh©c i#l»lel» tsal* Itito flseomit #©tpll« of tl»© pp«5© 
tla© ©voltitlon In miltliRl© i»r©itw»tien. 
(>) lUftK ,trgftg M^I^Uilily* 
""1i«n ft *^t#i ©w©i^ ry Iwel^ant l»a^ r©R ftlti? « im©t««», f»©M© 
tssr^t wceleosMi af* Imoolk©^ ©«t fF©» t!i© wa©1©fSKi mi Mffi ef»©f*gr 
(8l»©w«y) t5«rtiel«e !*«• ^poatista rsMultlBf in t !» t©i»ffit imelfliw 
^ir^fir T.©ft in ft l i t # l y ©iwit«a »t?»t©. 15ni4«f th© d©M©ir©lti<!ti(0} 
of th© mtet©«e, Tmet©oii^  m^ frsiPHwit© f«i*© ©«ltt©«, •?%» tipfiolm 
t)]^ ©doo©i 1»y til©©© |iftrll©t©« nm 9mVL9tt 1)tfi©1t trmt&m m^ t*»«if 
©T»©!ppfy asnai s t i l l e r ilfftrlhtrtlon© m'm trple©! ©f m mrmrfOTptim 
t>roe««s. the «lff©r©t^tl©l l^©tii4%wtl©B ©f htmk tvmlm i« Phmm 
In Fig. (4.1b} hy ©oli^ lltt©». Th© ©©svftation %rhleh ht^ h©«i 
iifm>li©a to noootti^ t foF th© 1©B« of e^ontu Is tihrnm t>y #ott©i Hit©©. 
'?h© fm^Tn^ mltm of "blaelr pmmm 1© ( 4 . ^ ^ 0.0^) f©i» ?»lt th© 
©T9Tit©, Th© r e t l o of th© «i©B©f«i©n B (15 • [<%> • <'^|j>^]^ t© th© 
ter^Tmm i!mltlT>llelty of hl««Q)r tra^ff, <1^> 1« th© «emtl«i? f^ ai©* 
t lon of hlaok tiwwfrp ^ f V * *** •««©1 t o 0,®9 whleh nmnm fmlrly 
w©ll with th© vsttJ© of 0.84 o1>tfiJ«©tf by WloiRiii©^ w'-a f©y©t l '^ ' . 
The multipii ' . i ty aittHhotiwif* ohtei«©« «t «iff«w»!!t ifiol«e«t 
©nwrdo© ay© eo?i<rf»sf©« with proton© md ^lon© a© th© iftel^o'it ^m 
pRStloXo© ?sf?a th© <^l?*trlh«tle«Hi SJP© oh«i(*»ir©i t o h« lTill©f^ m'''ef>t 
of th© ingittiiw tm^ «fi©5!f^  of th© Inolf^ont hf»€w»i©. fh© ©nttiyfitlesB 
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?B%1« (4*5)* <**^ > «*nd < ^ 3 vpltioff in hm0v€mm9mi^9im ealtlHmw^ 
"^yji^ o f 
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il*»sa 
iS»%i 
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19-%! 
f ) - ^ 
(o) Qyov 
n,8 
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4 . ^4P*? 1,794^,67 
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!5,<?Uf>,19 ' ^ . l l j t ^ ^ ^ 
?.C«i,0,17 ?,fTl<^,10 
4,70^«?0 t , 5 0 j R , t a 
4,79;t<",1? ?.«8jf^,0« 
4,50;*'^.?0 ?,«»04j5,?»0 
££a^& isiIUizUssitzt 
^.7^4^.15 
1,754<>.0« 
1,«?0jte,l6 
i . * ^ j £ r « ^ 
1,?*0if,<^ 
t»7ljMf^.0« 
1 , l ^ i f , 1 1 
1 •91|^«07 
1.'55ilD,11 
( t 7 ) 
1*s^«»ftt ^mj* 
(1) 
( ^ ) 
( I f ' ) 
(10) 
(1 ) 
(^4) 
( I f i ) 
trltonpfg i»ef»0n ,^ o ^ , AiNset 70 fioreont of t!»©*o tn^e'k^ f^f #ti« 
t o t^» i^eoil pirotoeo with n mim^ififrnt ©ewtt^lwrtion of iotiteiv. 
ono rmd fl»«©(5fi», fho »sjlt!T>llelty ^Ifft^ptlmtJor of WNIT 'wT-onpif, 
H p te^ Iseoft r>hcpm 1« Fig, (4,1 o) liy »oll(g l inos , f^ oTTOotoi 
ruwtjor of <w«T»tf! for ^ j , • 0 ?»«4 1 !tav» 1»o» •^ howB Tsy tl»o *«ott«i 
llftos, Tho ^«1«o of the i ^ t lo of th« rtlsiioj-slon 1? to tito 
Mm'iMi'mm I i>ii i«MW»w 
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II a 4 Muitiplicitj- distributions of (a) heavily ionizing p^.irticios (b) black part ic les and (c) grey particles 
inTf-nucleus coll isions at 5^ GeV/c. 
63 
to tj« 1.10 v»?leh i« 1« i!oo€ «Mpro*»w«Bt idltli tlio TR1I» of 1,©4 fosifi* 
\tf 9itmimm mA ^or?»tl* "^  • 
*lio noffii Twluo of ffp»y •*»*<*«# ^il^» ^^ '^  *** r^wtf* wltli W|^ >0 
liRf? I>«0B t»ro?««Tit«5 in f«blo (4«3). *?• *»«»• ftl»o rl^«« *ti« •©ttioii 
of <«-> obtj»lnoa Ifi aif^i»e«t e3rt>«yln«jit»^^»'»^^»^*» '^'^ »^*\ flio 
fiv««iiit TftliMra of i»oy vrmm ««• aA^oe* Ofiiiiil foy tlio iT»«lfl««t 
•iMiyrioB «t«irtl«« froBi fi Co7 t© 400 5oV, ^l«w» wo fl«J tl»f<t tlw 
Tftlno of <1'-> tfoof not fftyofgly o^i^ ofit on tlio n«tu«o mfi wtiWf 
of tho ifioi^nt hmiSvmw taw Iftoiflont orrnwjy 50 to 400 ^ ^ . w©^ 
«vor» for tho p-f^ p* ineiaont lif»<Sw«*, !•••# wyotor»« «r wlonii W-. 
«lf»tH%litlonP !»»• 0%«©l«Wd t o h9 f»l!!»llpi» fO!f itflOl^fflt eiMH^OH 
a^ovo ?0 Co*^ . 'J*^*ofofO» this «it«4y «fi9wfi tlt«t tlMi «»stta on tho 
•el i»« of <1f|,>t <W^ > nwi <W-> ar« o<»i«t»te»it \tith t!i» fiiot thigt 
t!i« vulttoo of t>m»9 pnTtm^ttw yo««ln oflfi«»tf«it ifi thm l^ol'^otit 
•fsorgy lnt0i«val ^(90 • 400) ^e^, 
Tho pffitlos of <W^ > P>ii« <^|># ' <i V i o%tj»ir»« «st aifftentist 
enoftfloB ^vo OIPO Isoon idvofi in f «i1>lo (4#?), It i»»y t>« BO«I* 
that thlo rfttlo 1« aliMifit tho Of^ rao for Ifot^Ofit tmerHeti stafttwi? 
fffOB 6 Q«T to 400 0«^, WaJfl«f ««« of the ff^ ot th^t t l» •aluto of 
<!l^>, <!r > and <\> nw IndotHm^oftt of otioyfy ««« tyoo of tho IBOI-
dont )ia4vonf(, «• h«wi ^otoswinoA tho «»tloo of «|fUSa--», •nff^ Trfi 
two of ^ f^ K^  iiT»# H|j^  In 50 Co^o ii:i4io< l^««9 ooltlniewis wi«it«etf've1y 
mi* '^^ i^ p^ A* ^Vt»«A» \^^ T»-»A **** * ^ eo«*imoR<llT^t fWffii^ tltloii fop 
??«5 ^ V o ppoton-wieloiiB lntor«iOtl<3ii«>» I'ho Tsltios of th»f« ij^tloo 
64 
hft^ h&tm fiV99vnt9A in T^blo (4*4), 
R .U . . Vr^.* «P«rt»nt «!..<» M . ! . ( » ' 
0.91 ^ 0,04 ft.««» J, 0,0? 
^y^^ 0,<K? jt 0,04 0 . ^ jfc 0.0? 
f « \ " ^ 0.93 jfc 0.04 0.S9 ± O.Ot 
I t i s int«z«i9tift# to fnimtioi! thf»t th« pntios fom al«oet li»fi« 
ti«i»l —i— beln^ aroeni 0 . 9 . I^ytlwr, t t fsi»y i># »io*«<S t>i«»t t>» 
r»t lo of t1» iifBi!%«r of oo l t l s lono i??«l<!« %h9 fmetm» in «;•* f»r<« 
p»A ooXll^ions ft3e>t 
^ ^ ^%-A O 74 *^*^ 
^ ^ V * ©•TO A^ '^^  
%rl)«x« < v> >^^ i s tl is fiYss^ dgs i ^ s ^ v of eolti^ionff « a ^ by i^ n inoi* 
dsitt hedroB in the t a r ^ t ntieloms of f!i«ss mnilssi* A «iii I s i?«f^ Of^ «i 
IN»A 
< ^ > -
I t i« wort»moti«g %hm% tlio vnltis of J ; J C ^ ^ ooe^ros MASOIIII-
^ly \mti with tho valttso of j;y'\'^"^ »f1f V '^^ wJf^ 1ni» ^ Inei* 
IT 1>"4 b p—A nb p<»A 
85 
ieBtptlly, fmismi ot nl,^ ' hnvn fil«o ifttfis^lf*^ the mlttmi of 
tli«f«« s^tioe f^ t fW fl«7 *!?»« ?!.**?« p«fK>hei tH« fii«it e<S!iett»9ifln. 
fniptber* t!i«y hj^ tf© p^ ip© eftinn^te^ t!«» •vmlxm of t!i« snt lo of nhemT 
<W > . 
Tx^rtlelo t^iltiplieitloff Ifi *•* n?^ « T>-A eollloioRs* JW"L"*" nt 
900 ©eT |^« thoy hesvtt o^^inmA a •«!«• of (©,f!7 • 0,0?) «i9ii<^ le 
Iti foo« a|rr6«r«it wit?! tl*0 i«imtt (;fff*5J*rffi,;« ^•^O 4^  0,0?) oMnltio^ 
^y us at 50 So7/o. 
(ft) MtJTllilgllf fllfM???ttmt 
fh« B!©nr? fryttlt^llelty of nhmmr T»ar%leto«, ^ . ^ t i'^ i!MW»«l««f 
e o l l i P l ^ s at 50 IJ«V« »tt.«ff ettrrtt^ir^g frre tlio toits of \ « 0 t 1 
9V«nte Is (??,17 jt O . t l ) . ^?^1^ Twla© 1« oisiipf^ nil^ l® tdt?^ t!»« val«« 
of (8,59 jt ^ • ^ ^ <^** ^ t ^ i^.ort«« %y fttanr «t a l , ^ ^ ^ ti«ifif tli© 
ei^?» ittftok, !^i© ^Ifltifitsiution of W^  for tfi© «7«mtft wltl* ^>& liiw 
t)e«n art?lMte« It! H g . (4 ,?e) , I'fco aistipltmtloB i s »l»ltfli» t o 
th(f89 t0an6 1ft t)rot«J ifimioeA t!i to«i0tioR«'^^ iit goo f«i« !>0O f?«T. 
?h© evoipiiflo f iu l t i^ l ie l ty in ^'M tntomoticms et 50 §o?/e IIWP !»•«« 
foitn^ by OttorlBiid^^^ t o hm oifHiisl to ( 9 , 0 0 ^ 0,1§) #?lo!i i s 
o l i ^ ^ l y wmm ms wmpnv^i t o t^o irat«o of <ll > lis i&»%i lT!t«»aotlor»t, 
A olffillai' ^iffoiwioo htm \mmi netlooA by Beboolri «t i*l,^^*' in 
tlio vmlvi9 of <H > fsrosj the anta on 60 f%V/« R»d ?©^ OeT/o '^^^ 
ootli»losi0 wi«rn eoPijprod with tlio aota on ®T ^ o ^ o ?^^ JW>*^  ^o^^o 
l>-^ Intoraotlona rcor«etltroly« fho aiffenmeo in t*»o tnoaoft smltl-* 
l»llelty is» ivlfited t o tho Tilotitra of »«pooto« ooltioliffui of vro-
Joetl le^ ^ t h thf ir.tr.-,ri--cXGar ?!ti©looii«^^»^% so %hm% th« «lff« 
ei?o?io« ly» r?»atlt>lieltl«o In iS»A fHi« |>«A i?!toi?aetlo»ii to «tie t o tlio 
Inotfttelity of l«ol«?»tlo i i ^ isf!« pmS ovora^e^ootlema. 
68 
k eliajwiftteidetie of raaltiiilielfy etfitriyotim ^ieh 1» of 
tht ^Isfwwlon of tls« W^  dtistrt^tliwi i« 4.ft %r^ leh l*" t5lii:fi«r tliflji 
f<H^>. Thou, phmitr partiol« milti|»lieltf4«9 mf i lstytlwtot isefiPt 
^roaflly thsw ©xr^eetei for a PoiemiB dlsttH^nttlon. Th« Vf»tts« of 
B^ le fowtid te %»• (1 ,T0 jt <5«04) i^l«li In la poo* RfiswonioTift vltfe 
tlio vultsoo of (1,78 Jt O e^s?) gn* (l ,7» j | 0,0?) o^tstlwoi^^^*^ ^ t^ 
60 ssni J!00 <5oV/o v»f«ti«etlTolf« fl»ii« •©Itwio a*o f»ots fflooli ilff^fwnt 
frora the oopr«8TH3n4inc y«ltt«« ia hsAwn-imolooBi! ooIUsians in^l* 
oatinf thet tho ^tro^iiotioii isooliifiifsi of whmmim m«^ bo ««i9iliii* in 
t h . both tTp.» »f l , . t«»e«i«ni . Sam «»rt»r.( '0' ') > 
fftudloA tho vofflotloji of B %dth <H > ^fl tlie w»lfitl«« oormootlBf 
D ^Nl <ir^ > Way bo o?r?)!POf«90« as 
^ - («.?) 
v?feoj?o « iR a oonetigpit in^o^ni^it of the onor^ gr of tho i»extielo* 
fho rnlVL9 of « io 0.5115 in tho hfilli>oii«7iQolooR oottlotoRo. BiAlao 
ot a i , ^ ^ ' h«ro ohtalnoi a Tfilno of (0,50 Jt ^.C?) f\WP a t» vT&%m» 
onolfPioB eolXlflions. In tho prooont oxt^rtnont tho rmlv of a 
hso hoois foand to ho {0»65 jfe 0.04) w^ t^oh Is iwljaiBemmmt with tho 
•nluoo ohtolne* hy aifforont %#ofltaxe tn p-p en« IWOHWIOIOII e o l l l -
piafts, Wir. <4.f%), tftlroB firoa Bussa ot a i .^ '^S fl»»©tio tho «io» 
povolon 15 RO ft fniMstloB of leroyo^ ehup^ oA iwoltlpllotty <1^ >^. tt 
i s iTitiirootiBis to fioto that 1B ^^uolimo oollloifmSf t> «*p«^a» 
llnoarly «i <1f^ as in the ofi»o of *-p intoiootl«is» 
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FIG 4,2 (^^ M u l t i p l i c i t y d i s t r i b u t i o n of shower p a r t i c l e s , 
(b) <Ng> v e r s u s D p l o t f or TT-nucleus i n t e r a c t i o n s . 
6? 
If the T"*tl© 
eft * ^ 
t-;>s?»r« ^^^K'^^A i** ^^*^ f»e«>B limitlT*ll©lty of ftliower tsnrtlrtl©© o%i^ <»l«-
r e l s t l v l s t i e pr^ .sftlol**?' T i^fo#tte«« li» IS-T> »o111«l<5r!« f't t*^ <» *»<•*«« a*^ fK 
y f ^ « ^ ,r_ . I s r v e r y tt?'0fUl pr^l^P»tf»lf 111 t l i e '^ttJiy f>f !«f»^WSI«» 
RQetfiu?' oo11if»ioKft ro ftl^^'erent wo<!©l«? nr^^iot f r t l s^ ly ?»lf^ <»i***?!t 
vptM«9 for thiii T>p»F?^ ^^ t0r« ^JT * l» »o«» t!??»©« r««»*'©r^ <^' to f*s 
• t l» peptic fiowintlsiei •!?m'ltJt>tielty*« '"^ e^ ©rr^ ir^ ^^ eloT? •**ny 1?^ ^^  
phcngp t\m ©ffeotivcness of the tarpf»t «?«B» #*a ofyw '^^ t^ fl to t h t 
T»roto« wnfiB "^ ar tl^ © smltlT^nrtiele i^roiuetlfl«. '^•epir'e i t , ^- , 
hf»s he<m t!P«d fjwtiefttty to <?o(r*f»nt« tfs© pres^lotl^n?' of •n-rlftiss 
theoret lo- l mof^ elp with th« eim^rlpientnl ^s^ta, f>m vnl.u© of 
<Sf j j>^ if! ^t^ eollli»loii« «t 50 ^^» /^o t^ tflrm *Vora th« tm%>*l«« 
ef?i»ih«p e?meriin«r>t^ % ^^oh^i^^ • ^*'^ ^ f^«^« **^ e v^lti© of the 
mem nr^rmpliwrns. i w l t l r l i o i t y , ^- , «P1TII? th© nljovii emrtinnim 
^A1* ^^ / i • W n ' • ®*^ «® ® *^ to "fee (1.41 j^^ 0 . ^ ) . '''Me Tsttie 
I s oopm??i:"^ hle ^^th th© vnlueii ohtf-i«9t? nt 60* ll^O, 175 ftfiH 
?00 Ge7/e for wi-msolotis oo l l l s lo ra ' •" • ^ ^^  ??fjp ^ siv^w v-lim 
of *^*» the Vfslne of It- , for ffiel^ort -oloiiis ie nfiplter th«m ths^ it 
of I^p^ i^  for Irelj'sfrt r»rot«n^. ?hlf! Is ?|i.i« to the ff»ot t»^ f«t ^or 
•<m?^ l r^rimrrf vnrtiQlm ©ii«»r«lo« ifi© hft-w 
6S 
<!I >, cm the mr^.t^ of the tf^iw^t iwetmiff, ^or J^  tf^r^?t of ^fiplo 
vnt«« of t!ifi eatpofitnt « le e«lowt«t«a frnm t !» follm^ir^p %«11 
X ^* cr: A* 
R^ I I - ^ ^ .H^"^ ^ <A.4) X^crl 
th« eorr«Bt^ <»iai?*# l«elft*»tlii-lf»t«y«otloii evop« ««otlorj. The ert*-
erlfflentj*! v«lii« <if H^^^ ( -1,41 ± 0,f?9) le©<l!f« t«> tl»e vnltie of 
« • 0«0fl9 ^ 0,003, "*»ie>5 lr»aiOf'te» « irery we?»!r V!ei^ e??asree e«? the 
mf0B of the tnffi^t Tii*eletist» fMn vtnl^m of « Isi In fl«e mme^^^mt 
vl th tim vnlmm of (C.09 ^ 0.0^4) Mn4 iO,(m jfc 0.0^5) o^tftinen'"^*^ ' 
et ?0f^  C,@? T»lc«s-fnjcleti!? ifiteritutieCTf*, ft iiwjr >?« note^ t^-'t the 
yrflv9 of th© eirpemei^tt a If* ew!f«l^rf?t»lS' «»ft1Lter in #i».^  r»'»"'.1i??!fif»f» 
ooflm?»fW^ to thf» vf?1tiee obtftlneH la T>!Poton-fni«l«si!» Interwe-
A eopreotea vj^ttie of R ^ . tielrsp ep»tlP(f»t«« fniwhef of thj?i n?»w 
rotrst lvlptie T>*!rt;lelefc^  IFJ the hr»ip«Pi-'^ rot?>5i fljitu^-^- • ^ ' ' i^ a^t?* ^e 
ejri^ reef*©^ «e '^ii;.A • igff y ^ k* "^ Hi^  ©?'^ f»nf»<»p' th«» 'y«!»'*iie nf the 
OR 
3?'f»tiot ^^ -® vf^ lnj© oopea ««3t to he (1.55 *, 0,r*»)» t f %m o'M '^^ i'^ <»y 
omly the r5iip?her of e3^j»te^ oh^i^e*. tiartSolef* for efitl»*»tlf»|sf ^^i^t 
thef! %je h?r«« 
A? • n-A • wiiffher of fnjoh i9f!r*iele« oiperte^ IB fr«i» eollt*'! oy»« 
et the p^-F»e eneri?^. 
69 
where « - » a^ Jcl m- ^ fee th© tgrnmrn t«n6lBf T>frtlel« w«ttlT>tlei» 
For eptimntlt»?^ the mun^er of ttw^ftti ohrvm^ tiwrtlfstwi, th t Ini-* 
t l e l otiffunel ehaij^s f>ve «3folW(f«4l from th« m^lMr «f »1ii^ r*»«^  fisjptl-
clef otw?«^ rreff in %otl! €••?» i*ni *-«ttotew» dolllBlemB, Xfi t^tt e«^© 
of #i*p eoTtislcme, t%m ehnrfmi •pnYtieXes RJ« ipwofit if! thti Iwltif^l 
ehgfftiwl \rf*>ioh "^ hewliS sXno fHfrMt^if i© th» f lnsl ©lii«iwil i^e t o t 1 ^ 
ehftmsse esofionfn pi?oo«s9^ t tlin i>ro1»R^iliti»R of m i?i>m»ntm TmUt a 
T>roton !«aT!t«?»54ni!5 in th» final ohaltn«l ?»T© 0«5 pn4 0,9 w»^?>#<rtelvelv, 
***> tla2 to t !^ oontriVitioB wmM TNJ 1.4H^«iweii the tot?^! ffwnbtp 
of ehri^fia iRnrtloloff ot)Peiv«a in f«n5re«'ewt«ll Ijy <^^t|>» ^ *n3Mr?|« 
et ln^ 1.4 '^ rofB <^^||> c»^ e ??tt«Jl« i?et t!ie ffmTf^m mm^v of eT«j»t«i 
ebf?rf©i nr'TtielftB in il^p eollislonR, tbpt l e , ^^'eli^op * ^\h"^**^*^* 
In the enoe of iiim«f>le«o ©ollisione m ine!<?««* nion eofityit«7t« 
only~0.5 t»ion in th« f inal eft^mn*! i»n<l, thortfoiw, i f «^« «f«%ti:^ et 
only t!i© ehmvfm oopre8non«Slni? to th© ineiaestt pion fvtm th« o"fe»» 
©r^ edl *^ g^^ f *^^* *8t <^ «5 *« /»»t th* nui!l»p of ei*ei»t«4 eh^wsei 
t>f^rtiol»» in »«iTOelen« oolliBlona OOUAI t o (<^g> •• '^•5). '^ !m«» 
we Bay vrit© 
7ho T«t\i« of H ^ in t%nm of the eroj^tea ofe-^ Tiwid n«stfel«9 rmfi 
• T:9ft5li^ j9: TSf»rtiel» if !?ofinea :^ a h^Hrtff* -fsiw^artnr in the finnl 
stst© of a Mp* ©noripy ool l i s ion , «»j?©ntiolly t»a*»9tf»Ring intos*-
nal ouonttjw n«jBl*oife of thm njw^^otil* en« earrylni? tlwi ekriaiffis 
phfljp© of eno3p«y tm eamrp.re^ t o othor finul ptf»t« r^ejrtleles. In 
*in olowentory not, the loadini? nnrtlel© O'^frios prmrtrrimpk^'if 
hnlt of the inoiaent eneyji^. 
71) 
t!i© eoi*^BT?«^Mt^ ff v«tti« of fi hf^n 'hem olJ«©rr©<i ta %« «r«f>1 t© 
(1,75 Jt ^•<^) ««* (0,13t jt 0 » ^ ^ ) pef»t«otlv«ly 1« tl^# 'R79ff«Rt 
"!»0 ^firlflitlonii af R.^  «r!# U ^ t«lt»» enen^ ISIBI^WI %©<m fihmm in 
^ I r . (4 ,5) . -ft Slay h^ wmn%icim€ t»i«t tl»« ^pitn csi <1^3 ifi i»i» 
<p«ilBlan ootllsloms hf*v« Islwn tnlten fpom pt o«swf»ilf»tlon %y %!« 
et s i , ' * ' ?m« thft om <*^ ,j^ > V^fflp th» woi*k of ^IMTJI et j».l,' * , 
Prop ? i^i?. (4,3) i t Iff trl'^twt ttifst H^ ^ !iits wot ywt fttt«»Jre5 w 
ooiiPt?%T!t rftt*i# »5r»ii st »?s«x>idLee «« hi|[^ f>n ' ^ IC^ <^ »'^ , '^mfSveF, 
A^J? ^©fflnlt^ s •9f»«??tlfssliy energy lfii«i:)9?id€>nt In t1»« » n « r ^ r«ppe 
fj»«w S»0 C^ «'^  t o 400 *'^ e?, HI* airorRffO rsttralsoy ef eo l l l t lops in *» 
Tiueletw e©lli«ie«8 hem ^men «f»ti?sat«i^^" t o ^o ~ A^, "^ or isrol-. 
ffilofi of»« mtm m vsiltie of 9,T5 ^or "^ .s: ,««, 
From the ni>cwe di^etxseians i t 1P el«i»sr thi»t ^^ 1B «T?«ff!y 
lf»dtt*eyi(»o?tt m^d wn^tf impm^B <wi th« mm&» of t!i« ta t f^ t T?iicle i^8» 
A, Tlhto ©i?ei^ in«e^««?!©r!e# of H. mtf^ ^msitft tl!«t tli« doable fst«rp 
ff?eehftTiisss« siro i^sporjolblo for ii^?*?tiele t^wj^otldfJ i s h*»«yo»v» 
hp<93W!m eollifsiosne in the entira evmtfiy vmrn ^ontlomrfi nl^ovo, 
f^eo iiffipwetl-ve ©sfoitf^tloB «o<^l^*^^ -oi^aietB 1*^^ • i • ^ ^ , 
w^oro <"»J> l?' t^ .*^  «v»r?«i»» msilseip of ef)oomtte?o l>y n ppojoetilo 
i«pi«© tlie tf^rwit nwolotw, nirmt tho vnl»T« ©f <IJ> foy owmlfilcssi 
mieloi in oo* ei«s« i s ?,73t thorofos*, t ^ » 1,ft6, ?!*ie vf^ lw© 
of R j^j i» i« eloeo ftOTo^wint -witli tiMi rrtJ^rttSHsntally olw'eii'vti 
vfilue of (1,75 ± C,05), ^^ o^i^ weyt nt hii?her ©Tiei»<?t«» the r s i^ io -
tioiie of tho diffmctlvo •toit.'^tion woiol !p«y ofiunisi- m^ « ton^ to 
70oL-
Energy IGiV) 
aul t ipUci ty a^i and H ^ InTf-eaalsion 
7 1 
•^slue ©f ?^ . %io«'l« ^ iT! ilfie'^ jpeeBCRt wltli tlit «?tt«i!4««fjtfsl 
iwp^lte. ?o» exmnft if %*• tc*» <'U> • P.f3 th© vatu* of *»^ 
w«?l^ oop9» m?t to he 1.511 vi»t©ft ffoe?* T»ot eoBpus* t « t l *?ltli 
t1« oimoHe^entnl ^p\vm of (1*75 jt ^ • ^ K ^mm^r, if\im 
e5moytf»iit»^l i«f»tilt??» I t 1» «ort1^ !i^tlonJlf»p thpt t^© v*^ '»ii© of 
>\« i hm aloo Miw m2f?f«©Ptei %y ^©limel ' i n oi^#r to ©Kf^ taln 
t!%e eB]Wl»*a* ai«tiHi%otlo«s of t l » i!»i%ytlet©«, ffmn^ w© so© tt'n* 
th© T>fedletio«© of tt»© diffysotlv© ©jwltntloii f io^ l ?*Ri t!»© 
©?MH?^  flttx emep^ mn&Bt fdnmmim(i ol*©*© mm in «oo« ft#f©*wsent 
wlt*i tho eir^rlf!ieT!tal rt^tilte a© fos» 8^ t!i© i©?)©?!^ ©?"©© of 't^ 
on th0 tt^Tf9% Pin© fti?« wtmT0^ I s eo«e«»ifi©«. 1*f^ ©5P©fo?«, t t « 
jipjtmmter H^  ©ton© ©©OR© ittmiffielcnt t o #lftl«i!!ol©!i %©t%i©ia! 
Teyiom© lloiibllo ft©?) fss©©?Sfii^ l©»© p>oi'!tloT»©ll ©%o^* 
I t 1*? vo?y iBtoret t lnf to Bttiiy !wltl?»11eity eosTelfstfoft© 
of tho tyn© <??|^ (W.)>, %«*?©F© ^^ £»^* • \f \» ^p,» ^^1 1+3 for 
«i»A ool1.if*ion« f^  50 ^'ef/e» *.tl t!^ ©»© y©«»s«#elofi9 ©.j« ©oti©» 
faetor l ly ?^ o«^ fMd!s©i8 %y «tiwl?*t t i ros vt th t»o«lttf© «»tor«s 
iJorlrtl? tfe© follot^fil? foiwPi 
over t!!0 entls© r^n&e of ^^. t*! thl© ©©etlcm ve fliall i^«*o«©8 
pc^slM© oeMprelptloiNS t}«tw©©fi <^|,>» ^^9 ^ i > f^^ ^ - ^ o^t?" tli© 
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hem hmtf^ o^servifi tteii* <1^ >^f <H > din <W > ifio!!«f#« vltli th« 
lne]r»«titt in <H|^ > valu** tben* rnifiatloits hgrv« \mtm Phmm In 
Pll5, (4* 4a), Fttrtlifir, <W^>, <^|^» <'^ -> «»«* < \ > '»'»^» '^^•P 
fa««4 to Satisfy the followinir folnt icni^ips , 
<W^ > • 0,1536 <1f^ > • 0,6©6 (4.S) 
<1?^ • f»,364 <l^ |,> - 0,60? (4.9) 
<W^ > » f>,311 < \ > • ?«S?3 ( 4 . i r ) 
4,5.f» ^'©hp^loor of <''->• < |^|> flssfl <?'-> »^ ft fimotiow of <IL>| 
For f»t^ i(!ylfig th« Tfiirtatloufi of ^^^J^i < \ > R'^ '!' <^^> with 
<1t^ > lf» aifferent H^ lf!t©pv«l», the '^pVmP of '^^ ip^t <^yf m4 
<l? > eorr«8T>on5int to iiffevmit <TI^ > vi*lti«9 !»a(v« %e«f5 ovattjutel, 
R«pt Rff^ ln <''-># < |^,> ean« <lt^ > limre boon fwaia to fT!OT«i^ « tl«« 
n«prly ^ t l i <W^>. I'^'ls f?»«t I9 yefl«et©« in f i t , <4,4b)« I*!** 
r6l*itloR9 fflven l!toloi|f h^ fvo ^osi foonA t o iwpwi^owt eivxp ijtto* 
<If^ • 0.5?» <H >^ • 0.9JW (4.11) 
<K^> m 1,?S? <lf^ > • 0.917 (4.1?) 
<^^> m 0.499 <W^ > • 3,941 (4.13) 
4,3 .3 , rnrUtimm of <\y, at^> mA <H^ > with <9^t 
Tlio vpjflfttiona of <R^>, < |^,> ?m& <W > vlth <H > hfiTo l>e«n 
?3 
Imwsttgfttei m^ ^^%^* ^\f ^^ ^m^ ^^'^^ ^^^^^ fmmM t e ln«-
oreef^ © l inear ly with <'^^« *^ t?««« vr*jpliitl«ie hme l>©«n fihrnm 
Ir. ?if , (4«4a) «*w# t\m fellowlnf iPStntlonwliliMi 1s?»Tr« 1je«n tmm€ 
<!f^ > • 0,9f5 <^J • 4.744 (4.14) 
D fir 
<19|j> • 1.775 <»g> • 3.fP9 (4 .15) 
<Kg> • 0.65? <1^^ • 5.10^ (4.1?^) 
4.5«4. i>eygff^ e?^ oe of <^^>» <^|^ P M <H^> OR <yg>t 
w« havd Ptt:«l«t the variation?' of < \ > f <^-> ft''!^ <^v> 
with <H > in ^Iffer^i t H Intex^f^lsf t!»« v©ltJ«8 of <^v>» <^-> 
aTid <H|j> oorr8«T»csr?«lRg to «lff«r€!rt <W > rr^lvtm hme %em ^t«i*» 
plfwi fm€ I t hgB "btofit o1i??»fv®« thnt <^|,>t ^^p^ '"^^ ^^u^ i««n?««r'ii 
llr.«f»yly t^lth th# Inoveaf^* In <W > vslti«e. fhla ^m^vH^nee hrm. 
1>«eii «boiiin In Flpr. (4.44). ?«i»ther, < V t <^.>t <^t> f»s^« <^ > 
b^re t>«9i> ohftexnred t o satlufy t l » followlB(? t«liitl<^» 
<H >^ • 0.53 <W^ > • 5.05 (4.17) 
<H > » 0.!?5 <1'.> • 1.06 (4.18) 
<H,^ > • 0.5« <H >^ • *?.17 (4.19) 
•fhe following eoBoltisloRB »«cf bo €vmm frrm tho oowwtfftfoR 
fsttidl©?» b«t«e«« ^Iffoipopt tyr>m of f?oo(*n«f»i«v -r^firtleles. 
(1) ^ineo tho d©r©n<!®neo <W,(W )^> in th© ntiftfppef^ t ^ ^ O K I ^ 
<'?g(^*)>» tliewfox^o, W^  isfiy TJO the wost o'ltfibl* ««8^iiir» of th« 
«tRsl^r of ooltlpl<»9, 1) » »isffe«*4l hy the r^vlimrf t^®!rtlele with-
n^ 
74 
in t)so imel««i8« 
(11) fh9 oorrelfttioito b«t%f««ni h««vlly imiminff^ htm^ m€ mmy 
tt^olr i«iltit»llolt«« pf tnew^r lB^f«w^«wt sn4l ©luo *o ntft 
dei^ <m€ fW5 th© niitniw of the ?5«ti3ftetll« (th# ytlRtlv© ?niml>«i» 
of pv^y ©«« 'klntk pnrtittlwi rmtmfm^ thm benvity Imiein^ «»©««!i* 
The er^iSTfTf iTii«T«nd«nt e»l?«»l0R of ^li^^nly psi€ P«ttiT»ly 
eh i^Tised tmj^mt fpfti?p»«nt9 (hmvf trtai^ t»«irtlet«i) ijay l»e «1T4-
«ea i n t o two iP:!roB|»«, Imoeb-KSB i ^ e o l t s ( ffi"'6y t>j'5ifttol#0/ pfi9 
^rapomtitm t^sptlelee ( M a ^ tipaelf ^e3?tSele«), Tn thin soottoK 
we ©hull «lff<m»i» ttie snifnlfir «il»*tyl%otl«sw« of pre^ ^^^ t>l*iflit 
treolrs* 
( n ) .^CTlay Jliistyilmtion of %lmrfr tyaalr^i 
Bl^elt trneke »re r"Po^oe« melnly by %mr ernrgf ei«iiay ^m^ 
«o«"bly ehfix^A f*»j»jjp«rrtB (t>t d» t ^ t l i ^ 3C^e^/R »»?i« ^e^ , *"e 
with 1? ^ 300 ^9l^/n)^ fhey iirt Ptw^opei t o %e eifitttei e Xmp^ 
tifse a»fter the i»ip«sft<» of the Ifiel^ent hf^ i^wi (/N/KT^*^ Reo»m«) 
fmi they «j?e welnly ereiitofi^tion pftrtlolee* 
The aif^e»««f!tlal rtB^lar fll«trt^tlon of hlm> trmlm 
^htym iTT ^Ig, (4»5ii) la erpreweei In iiewsentaifee V9v «»oli« «f!^e 
plotted nef.pin^t i i f fe iwi t inte*Vftl» of »pf>o« iBfirlee. I t 1» oeef! 
tbstt the mmlmr aietrlhotlejn of the htnflk t^mblm le i» «of«fl 
one, Biflclf T>ror!^ RW emlttei nearly IfJOtror^le^^tly in the 
Ist^ot^tory tystew f»Ra may show a ©light foiimf^ eicee«e of 10^ 
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( 4 4 ) NM.A 
thottf;!) not sl^iflo^f^nttjr i^ l« tli© eonwio TPf w%nT»^ • THW 
f»t 4CC *™#^« '?^e ffl««tsn i»?»^« hi^re %•«! e«lo«t«it#« for ^fwiat-
Fion if5t«i!»isotioi«» wltl5 \ ^ ^ •'^^ **® •«1«« I'taf t»iii e«»tl»ate« 
t o be ?54**. 
<?0 • 400) WeT. f)i« «iiinil«ip «lsti»11rotic«8 of the fff«y ti*&(^ 
?^ !?otwe«a ^ aiffer^jit »ii»pjfi«s"®»*^^ li#r« been i»lott#« IR 
? l t , (4.5b). Th© (^ifitpll«itl?mi» f«»Rlf» «T»»>afiii»i In t^« ifieiiimt 
ei^ «i?l!3r r?»Tt?! '^v(6 • 400) C!«T. Hiie iiRpllefi th«t tb© mmtfiSf 
^if>tvitf\itior,n of #crey traolts shov © i!*«ii3E*mbl« ^^ofsstfaey «4t!i 
t1^« nnt«re tm€ «fi«rgy of th© f*i4»sry ijfirtlolw. f1i« ?ir»ya^ 
hplf fly p«»fltt« (av«»"P«i.|» fi(?^irl« WHieli oemtsiftfi !i»lf of tb© e s l t ^ i 
T)dTtiel«B) of th« CTey t«i«iH5 hipr© b©efi ©etlPstei to b© 57*. 
Pi«w«? the f l^ j© I t Is 8©flfi tliat tb© iswy tifeekfi •i?© ©wlttot 
t?r©dGP»lT!i?Rtly in tb« fofVf^.ri #l5*©etlon, tb© foTHmri noiik©! 
bebavloer mirworts tbo vlmt tbat tbe pfi!«y t^i^lol©© et?© l^oc:- -
OR reooi le . Tb© m^r^-m oisl^olaB eSJrl© bf# b©«B estliswtot for 
tb© gr©y trs<*8 in aiff©?*©!** H <^»lntespVf»lf« «»« fooRi to be 
eontftrmt wltb xesTioet to ^f^^^ ?^ ©no©f w© oonolsi© tbi»t tb© 
ftTijnilai* aistrlbutlrme of fi^nmw tr»c*e nl©© lAiow tb© e tpb i l i ty 
wltb pofTxset to t!«B si«© of 9taxti. 
^•4.2 /m<mlf>r aistgibation of golt^tivigtio is»»ytiol©«t 
(©) F<?re«?iit>^ g^  of phGmr Bftgfeiol— T© ©iiti>«iflB anirl© p:^«^i 
In tbe t»w«mt ?<eetlo?! %*© «!f»etw© trmltl-nftiftlet© Ttr-odtiotiaR 
?5d 
9/ Of <b til 
O O o O 
O O vTi »y 
Q IT) - . 
Nf <> VO 
I ! 
I 
i t I 
J 3 
i 
o 
n 
1 „ i j 
I N : 
Tf 
I K 
Mi* 
IT —%•' ' » • 
O 
o 
«0 
o 
o 
o 
J 
J 
o 
— • » . ^ 
o 
o o 
i. 
o 
—I 
o 
o i 
$>lDVbl >I3V 19 ;J0 30V lN30a3d 
09 • 
O >» 
H U 
3 3 
•H-H 
•H -H 
3 3 
C O 
< < 
us 
O 
78 
1« *.lia eotllsiofin. In ?1§. (4«6ft}» th« HtfrnTrntiel «l»ti*-
btttion of th« *»p(ifl« «n^le«t «J, of the fljo'^r traolai iif*o4r«e«<l 
in th« «llel«t«iiw«tlo«» %»ltli W :^^  li«T« teim shovn* ^ir« (4«^) 
shews !il»ll?»r ^Iffei^^tlat on|!!iil«^ p «l«trl%n*loR» of tho «@x^ t^  
ele» belofiflni? to tho Kj^-lfitetTfilii «« .•.••i» ( t ) ^-V 5» (11) ^-^ « 
^A (111) W >^8. 
In ?l«p. (4*6ft) f0i< (4,*?^) It maf he notletil thnt t!io ippth-
Isr »i»3(«tt« le p*©** fop hlf*t«y W^^  nre«t», ^^ tiiwenkP^ mi rm§im 
tgti0.ee fesve hwm ©filoulfitoi fop tlio iHmmmtPim tyro of tntoswo* 
%imn In ^.If^pflfnt W^  Intepvsile m% t*i«lp vtsttt^ !»?«*« t»o«i t»p«» 
f^ ent«4 In ^»l>lo (4,5 )• '?h«»pe #ets bff^ elso t«on eoiiiwi** «#1^ 
the avnllftblo «eT«rl«ontfil «ata nt otliop «n«pprlo« % l^oli hmm 
Jmmi |jp©oefito« In Tablo (4«S), 
TflblO (4*5 )t AVtl^H© Jiral^slOB mf^m « H _ v > *»«^ tllO Vf»ttl« ©f #, o f 
f»f)OM©i® fop tflffopont \ t^mp9 of «v»nt#» In 50 '^  
®«V/« t|i»«? t^»»foii eotllsloRft* 
Ri-^intomd toropii^ Ofiloslon mtfle l?«lf f ly »n<»lo 
MMJUW 
? -h 5 J^.f 1J.5 
W^  > 8 ?»l^ .9 17.0 
s l l i^j ?5.5 1«>.0 
frtm TeMoii (4.5) «»d (4.6) It nay %« soon thist ^^^A^ f^l^^ 
Bj_ liMp«f#« vitl? tl!« InorofuHo of W^  sni o^ow>«!<»« w l ^ t^o t?»f«v 
©"Ro in tho |»po3ootllo enopgy. 
fhtjft, tho fleor#f»i90 In tlio iseaB OPlfRnlefi pmirlo, ^®i«i»^  « ^ 
Oi with t>« lrtnTi>fl^ o of r»po3eetllo onopi^ fop tbo nmm tf*p— 
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febltt (4*<^)t Vsltwe of #i r«t ^ifffivmtt eri^yfl©* 
•MMHMMMMMi 
17 
?5 
50 
60 
??.0 i ;1 .1^*^^ 
!?0.04;1.8^*^^ 
15.0(l>yef««fit) 17.0(Piw<ient) 
16.4±f^.«^*^^ 
l f t te»etloii ffoy a l l \ to r \Vfi 
'flfiOft, H I * IfKswMsf** of <N|j^> »^* **j. ^ t l ! tlie Itwwiflpe of ^ 
or %<dt*t the targe* ^^rm nt tiMi fi««» tiii?©J©otil» ©fl«i?i?y lf» i^ ©fv» 
haps ^Je to the lnvf>lv©»ewt af isow eff»ottv« t^Pf^t msss. 
The mmlBT «iPtrS1swtlcr« of fbowesr t>f»iftlele« t«ewfil« tfi© 
fffont swlla^to ^tn0f m€ ut Mi!%»s» mi9T0.99 the only «mu^# of 
of Ipfoiwf'tlon »l5o«t th« ipinji^e t^'O'^iel.ti «l«trl'biitlfmi! lr» iswlti-. 
file t>r«N!itetloii« .^*«i ehRll «f5« th« v^«vt&o i*aT>i€ity 
n. -^ '^  *-^  f (i,9o) 
w^ ©!F« f» i© th» epiwj© fff^l© of o»»i«elofi i« tli« 1^ % frfl!iMi» ?«» m 
nnmt^v Tarlsbl*. "^ie «iiffif»tity, y^ » for tli« peoonijsyjr t»iow» 
le a ioo« opTsrosrlwstlon to tli« lonrtttiiinfil rpmiiity 
78 ' 
where K ftpa 15 nre the erseygry -??« lof^ritts^in**! inoBwenttB"! vm^ 
T^eotlvely In the l^b f:rsteffl. fhe ?i*etiao rm^i^ity aifttHlsiitlen 
Its t«»w« of rtwether f4iifml?»r vjwrtaMe in \ m T j^r t«»n ^ , %^leh 
i s oomsionly ttwe* ITJ eo?*!aio i^y i?hypiOB m€ li? filieost l««eRtie«l 
to the \ aiPtHTStttlen, The f^ajititlee \fm4L A nre eaimeetei 
tiy the follflfwiiig flwple eirptef^elon* ef?»toflT^p the mXntirma 
%et«Mien the »esr» an* «ti!!TJ#»i!^  •r'l«es 
<A> ^  - 0.45 «>!> - 0.7) ( 4 . ^ ) 
c r V ) ^ (0.45)^ cr(n,) (4.?1) 
'••'here o- le the f»t?'T^ i0T«i «eirlf»tlc«, The vj^ll^lty of the ehe«f# 
eyprersloRs ©t higher enerf^lee le no t-^ oi^ ie tha» n^vrtii rmv» 
oe«t, ?h© tr?*i?**fo»sf^ tl<ifi tixwoertlee of ")^ ?»T?« A f©r lemjPltti* 
(^.innt tr*«ef©wi^tlafae het-^en eo«»or«lnete Byft^mm mm nirmle 
The I s i r e ftrt-V-er of potet perTesentpftlf*?*© foi» hrtarcflw 
BiieletKs i«terts©tl?»!P may h«#le««lly he atvl ie* Into two for^ttpe. 
I« o«« pwsop of aoflelflf the eollle^ien ^ t h n titmplen mieteitp 
le e«pt>09e« to be *!tfe t o itieohewfrt ?»irpei!T?o»ltlo!i of Iwtrsime* 
l ee r cetllBlone litth the in6irl#iiel traoltone afti in the f*th«? 
grtfop of fftodele, the imclesr terffet ie affsusie^ t o he e fftwio-
tin?«lepe isedlwr sst hi||feer enevf^et. In the two «?ottt»e of 
models the ^efl^in^ t>ni»enetei«e of en intereotlon vi th e nuetene 
ere t«epeetlT(ily the effeotive mwiher V of the Jntyaymete^F 
eolll^ioTii? with the jmeleone mA the effeot lre thlo1cne?'» (ejp 
»P!"B) of the miolear ©atter Intemetlni? with the i i^iaent hp^Avfrn, 
?lnee thece curn t i t l ep , e t r l e t l y epee^ ':iTf.«f, ere ne% eyr*eriwen« 
tftlty ise^wjwhtei i t 1? emmrmty n«*mmm& thf>t the wamt^ !? of 
79 
I t l\??i» l5««n f«no3Pt«« in ji imi«"hor ^f fftaatiwr thwt t1^ « w»«:^ t T s^fw 
0Bgi%I« ©etliiiste nt <^> l8 tlm «»«« WBirlsor of «iT«y twieirp ,<W^>. 
B«»e«i.m« rtf th i s ref^an *^© PhmXt w*** <W > f^  th« isalfs t»ft«»»i»t«r 
olmrROtP'riPimf m *»A eol t le ion. 
i^l!r« (4.7) mhefm tl^« twow^o y«ml5ity aiftrllmtlcmii of 
phowor Ts«?rtioleii 1« i^A <iol11«ifm»» fop W^  l?»tefv«l« • • (») n i l 
the "^Tofitw with H|^^ ?»?>« tls« 99vntm hmin^ ^» • ^#1 • (^^ *»ir^ §frt« 
with H^AAt (o) e'^efitf with 3€^jCf aB« («) events with f ^ , 
Tht eseeefa of ts^jrtlctes In Vf^rtaws H« isrewpe hutre hewn eatlnei^a 
by oceipfiilnii th« aiatj'ltnjtioifiii with the <llPtidtwitloin of ^g^^i 
oTORtii (a0 they «F« tf^mami t o ho olc^o t o fi*©© oo1,tl!»leii 
Oconto). A hot ter o«ti»©to of tho oirooos rmttielwB m(»y ho oht-
^iBoi hy oopwnjfdTjf th« rofmlt with tlwj OBO ohfiotrot In tho ^r> 
eoll lelorw. ^mfmreTf tho DfWPOitt oeti«p.tiofi olthowp*! not rtirf 
oec«»Rte, Ifi^iOfiteP tho tronA. The eontroite of tho i l P t r l -
hwtifMR of oxeoso t»)an?tleto»» tho totsil #i*«t'rthctifl« f»fii %hfit 
ooletilotoA fop tho Al?ttplh9xtl{ffi of «*«fi eoltlPi<mi at 50 %T/« 
ape f^h^m in the fSfswo flSMPo. FP«BI tho *»tti#y of thowo «i«tfd-» 
tJtstlono folTowif?ff ohoopratieBna spy he hoi . 
Poo^dopomiSity llifttplh«itle« 9^mm tim ^poooneo of Mwo^al 
otpttotupo in thoT^ aiptpihutlesi for tho eront* with W^l rmii 
woxlMiwi towRpio Imoop rr^ftiHity siao h©oof«e BOP© mM wopo ^ro* 
T^ onnooA with Itioroaftinr ^nrmtt »*i8je, '^ortrol* of tho fllot-H^ 
hution of eieeoJ?8 i^oPtletoo ehiftp tow?>pas tho towop p©i^l«ity 
^iie with Inoreooinir t«sp#9t o iee . Illiooo oh^orro* tsh.mf'^ in 
N 
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4-3 5-€ 
FIG. ^.7 Inclusive pseudorapldity distr ibution of 
doower par t ic les at 50 G«V/c. 
V 9 ^ 
80 
th« Phm* of the 7]^  pr^otinsp! 9a9 to tlie Ineiwf^eii in tnwwt 
filiate ite «ei>ef!a«nee en If-Coyi^ *) j^ Bi tit« "Hifioa^ i ptimottire of 
the «is»trilswtlcfi eonttmiiotfi tite uieiletlotie of the eehe-pent 
twbe noiel* wlieie the hss^ wsfiwrmeleiie i^tewieticm i» efmeiiese^ 
to be i^ii'^tieftl to the hr^^rofi-irooleflf) eotliwioti »t >^i^r enef»«-
piee. In l»ft«M«»««tieteoii ee l t ie iens n% hlffwr ©nej»«rie« tlie<se 
feptwrep e*e fiot obperrei, 0«?mo8ite nistiire of tlie e«nit»io« 
harifir t%«i «yotiT>R of Tmetel (0^0 PT»« A#^r) ef»« rtet %e Te«ii»oniil-
ble for the obsei?vea t)e«ttll«»ip!tle» In thei^-^tseotresi, ?»l?we the 
eretitsi? ^ t h K>5 ««** ef?«efi!tially fpfsii the he«vy fFO«T» of imotei, 
?!oii«ov«rt tJKitoii-ffmcle^e eolliftiems in ewilnion «o «ot fheur (sny 
hliMMUffil stmottrini «tt wlwilar eTtep«fiee« t t si«Qr tMi w^^tlo^e^ thf»t 
bimodalitsr et hif*»r tfiSHwt aw e^ hae ©led heen olieeivel! Is iS» 
nnolflUB intermetlf»)8 viming par^ tflrpete^^^ Hofewwp, the 
s tat i s t i ee i s fiot very i?ooi to ««i^' tny a#flf»lte eenoltteioB, 
It say he ?!otea thet the ehi^ie in the phmm fit the>^-er»eetf«B 
t e n i a e Iv^mT 7]^ with iitof^s^infe t a t ^ t niae m\9 the shift of 
the eentpoii of the eae«e«?8 pettielee i» ofualitfttiYely ineonsie^ 
tent with the enei^ por ftxa e^Of^ Je nKttfel spS other me^ele of 
thie el<if!*>8 wfieye 7|_^-9i^etf«i» from ploir h^Arons i» inieinenieiit 
of the masber of colli*'iiiR«,u, ineiile the waeleue mi «»rr««i8 
only on the energy of the inoiient nertielee, ??ii!!it»r reeult^ 
h«s«ire heen rer^ortei hy An»eii et P I , ' in e etniy of ii«ei*ttl8ti«i 
colli??ion© et J?00 t^e?. 
The foHowiT»K IrarortfBt oonelttsione wey he iivmm free the 
f^tuty of €i«tsole«f* oolli^^ions et 50 ^eVo« 
S I • 
( I ) kreTp<m fiultlt^liolty of h9miXy lonlelBf t>pt3rtlel«» 1« 
irlrttJnlly lii««t»en«6iit of m^mrfff gr?i v««^ly <l«t«mifi «R 
the ««t«i« of the Bftijefttllt. 
(11) aver«f?« wmltlnllol t j of he?«vlly losilslnr i>iiftlel«»« la 
syst«BJ?itie»*tly lo% i^? foy *=»A cotllPlons thtm fer r^ -ft 
oolllfflofift* 
(111) <H > in th® ef?f»« of T>f»ote(ii-wi8l®tii» eotl l^lcn» In msm 
thar 1« th# e«ii« of iF-tttieleiis o©lllisle*!« at thm ^fsm 
in«l«?«Rt rni^rfft 
(Iv) *?tM» vf»"i«« of R - . Iff ?«f»i»lt#r thm ti^'^t of i ^ j i o^f* the 
(v) ?ii»o« th© «5«r««ii#©«e« ^-^^if)^ *9 ^'^^ iiti»e(ni?ie«»t 
<H (H.)>, thartforvy W Bi«y ^ the isoet Btiltfibl« i!i«ift*n«p« 
• 3 If 
of th© mifflber of eotllfllans» v> t ^ f f « « « hj tlio i»fiw?*y3r 
p>irtlol« vl thln th» tmelows, 
(•1) In the <m.PO of 9ho%ier pftrtlolea < ^ J A > f^ * ®i. l«oye?»p» 
with the lnor«»«Be of lf|jj tP i i^etremB with the iRoro»^Ni 
of the p-pojeetlle eiRefficir. 
( v l l ) Peeudo rwpl^lty <^lt»tf4hotlofi J'hfws the T>»e!»eBoe of hl«o«nl 
ptBJotiire In the >Litstrll«rtlo?i f©t the ©veiite %<ith W^t 
^ a «fif»xlt!i» totfi^i^s lender «5T»l«lty f»l«e heeaBsen «©«« m^ 
more T>i?ofioiinee« with Inovee^lnf t»i»pwt 9l«e« 
( T i l l ) Clentroli of the tlfltrlhwtlofi of exoe^e ismftlotefi ©hlftfi 
t owi r^ the lower iwfiiaity Bi€m ^ t h ii«siwi*#lt»ie tai?»et 
fisse. 
(l3c) 'J'he ^jmlfir aiftrllwitJori In the -ni^^eotll.e frf^ i»w©f?tntion 
v&ptirm (eorresT^or.dlr*!^ t o hl i*er Taltiee of ^ ) T«er»f>l''s 
82 
<3c) ^hB eef^tw o f tl^o i i f f tHtn i t f<»t eoRtlneen^ly «»^lfte 
that ?*_ 1J? t o f'otio 4!»5tt#i?t aoeeintaMa i»t«**m!«# o f fhe 
ii«isi?«r o f eo l l le loRs fmA9 hy tfe# ineiBent ^fest iol9 
S3 
? . n.?» to««m «t n t . , J*^? f « t t . j l » m (1«»75K 
Fuel. ^hF»., 21* 3©0(1979). 
rrovenee, lV?if^e«, 197?, 
r«y eoffefW!**©, vo l 7 (H^'?. -'»«»i<m), 1**75. i>. ??4*?. 
1 1 . H. *f«:fer «t e l , . I t Htio-r© Oi»*pnfo, 2 ^ , 1 ^ * ^ (t*l^5)# 
15 . A. ??«iPlJi3 ©t a t , , "^hyp, T.«%t, 1^0^ 391 ( l974) . 
14 . J . ' '«bart «t f » l . , r i^yfi, nev T>, J ^ , i n f ? ^I^vr?). 
15 . ^.*% A^-^!R^mt ®t » ! . , ?^ T>0t. Thrn.t B1S1. *?1 ( l<?rr) . 
16. I . O t te r l un i «t « ! . . BfMr?^H«t, WTPmTTf^t '^^ixrt€ tT«iv«rf?lty, 
T«md, (1977). 
17. c*^ ,'*, ^ o h l i , T^h.ti^ , "^he^ls mi1»iltt®€ t o "^u^J^'b ^'^liro-^ftltT, 
84 
i e . J , 1?s*tM*9l?l 0% n l . , 1Pr«mf4Tit» of>9/Pf? (^yntrowt t ^ # ) . 
?0« 3 .7 . Anson ©t © I . , ^ ^ t Pimm 14» 405 (1<?T1)| ^i^i mmwf 
g3. I». Wl«!iln*R mM »r,J, T«p«tl» I'lijrwleft ?^fti4f(%iit JUtt 5€^ (I^W*!), 
Titiisinf^, JtKMi 1<^6, • « • J , B«!i«elw « t <i l , i>« 545. 
?7 . V^ f«»«r et a l , , Jo«*fJt»l o f ??iy8leal ^ or?*sty f>f Jisr^isfi, 
44» ia?S (197^). 
?8. J»R, Flopifi« et i»1l.t Thfp^ '^w.t ]>U, 55© (I^S), 
?9. K, ^©t t fJr ied, C ?^M |>r«isifiiit fB»1755» r*«««irn (1<??f)| Tlip?, 
n w . T ^ t . » 2 2 , 957 (1974), 
50. ^ . ^ . **i»l! iotf*, % e l . I^Hye., J | , 559 ( t * ^ 5 ) . 
5 1 . A, ';3P0fe«w»*lfl, 't'fi-^fnr t ! n i va rs i t y -«?>«Ft tTO/7?/§, 1«79. 
5'». A. BlalsP et f ^ l , , I ^ WO. « 9 7 / ^ t 1<y?5. 
iw f4 i^rt»t«Bife«w» 1 ^ 4 f l i iys*. R«T. T « t t . , ;5J|, «5« (1975). 
85 
J . Tfw«l. T%3m., i a , 53« (1974). 
rr. T.%. jfli« «t t d . , ibi«^ j j i , ^ ? ( i ^ 5 ) , 
^ . ^.^^ '^l«Wftiif»tl» e t f i l . t Thfw^ t « t t , , SSSL* ^^ (1^ *75 )• 
39« ^. Oftlnool «t a l . , I1»3r».» Ma* ^ * ^ (1974)• 
40, ?t.?, 1#© et « ! . , Hjyp. ^»ir, Vi9* 55 (1979). 
Hir*79»?(l97^). Ao^©t>t#i f©y f(0*lie.«»tla(fi Ii» Iwiiipin J . ©f 
4?, A. n«r RT»« «?• Vrfy, I'lisw. i?«r,, |2|., ?41? ii^f.)m 
45. f5, 0?*lw?el, I'l^oe. "^h ?«t , !?3rini€J**lii« OR ft^ aiy t>(»iftlel« 
HyiiMj^ynswl©*!, ^i«!!«n{«1i ifmi Tdot^et^, fl.D.H. Jim© 4*10* 
1?, 586, (1974). 
44. IJ. Caw«rlnl «t !»1, , ?i!«iTe»e In «o?*»l« f^y y^hyf^itm^ ^^ 0^^ 
f4 (^»ter«f*«, 195?), 
45. fsni-^tni e t ^ 1 . , liett Al Wuero ©liMwto, ;g^, 957 (1^77). 
46. I . I . Artyfrov «t ©l.» Woel. I^ltyo,, ^ , 11 ( 1 9 ^ ) . 
47. *?.W, ni«'0«v ^ « J.M. Kohil, ir««l. 1»!iy«.t ^ ^ im (l<*7l). 
48. A.W. Bel«lT! «t a t . , •Wlntiintleff of Tmolewy s««**tlef»i»*, 
W«f Tftrtc, 1P«i?pn«oii l^i*«08, 19*1. 
49. *;.0, OiilissKW «t n l , , • l^ttlt it« t^wietftiNis «t Mfl* •«#f^e<i* 
teiiljlr«Rtt FA», 1976, im 7SU119. 
S8 
r*tiel«ttf eolligJoBii mt "SO <t#y/o 
rlflni us with th?^  ii«i»«ultf» on t?»w^t frpp!!f.«ntnttfm (fmXtir^tiei^ 
Xten of 8iT!p:ly ?*ti« imlt inly chn^i^m^ rjnrtie\<m vrlth fi<f>,7, t^©t 
1B f bSRvy T^?irtlsl«fi) nn* pigti T>ro t^KJtlor» (mul t l r l le l t ies mi 
t>??©udoraT5ldlt3r iSl^trlbctlflfns of minf^j ehftrt^H Tiartlolee t^th 
p>C,7, that I s , f?how«r fRrticrt©®)* B«t «ot wocslh w©i* hsfi J»em 
a (Ml© to study the tmifnirm ©f isirey f>«iJi:lel©». -irty tsmolcs rt'm 
'nulnly f^ ue t o nrortmB^ i«\itdi^«p, tifdtons, P^ IOW T»loWf e te , t t 
Ray 13© not«^ thr^t the lr?v*t»»tli^tlon of th® xmssber of jrroy ^vfs/tmti 
I s irrn^ortf^ rst beef»««« I t in eorp«l«t©41* with th© me^ n TRm i^er of 
oolllsloRa Rfide tjy th© i?!0ia«f»t hraArosie %*lth the Tiueleons of the 
t?»i?j3«t nuolmis, ?tipth«rt tho study of ippey pRptlali^ in of 
pT^eolat lnt«»i«pt heomspe of th« fi»ot that thes^a T»?»rtlol(»?t PV9 
««l t t« l d«rlpg or «^hortly aft«t» th« mf^9mf!^ of th« loBilnf 
hpirtm^ These t^?»rtlote?^, therefore # are eiroeeted to fnersorlsse 
a Ttryt of th<» hlfitory of the reaotlcffi, l^e sttiiy «oT«o<»r?»l»^ p 
the T«ro<3«fftioTi of «!eut«^ r<wi« ?»«# other lliPiht frfi|p«wtf» w«y ("t^o 
throw s'o^ l lpht (»i the fieohnnlwR of Tvnrtlele nro^uetlon in 
hsaron-imclwue eol l l^ lone. Keerii^ir t^le view In wlii«, t^ hr^ ve 
vn^'ertpVen a ^t«dy of the p©«cm«ary lyax^lotet T>iw e^l»»«r rrey 
tpselffi in *i»r!«ol««f« Interactione. In thl« ehettter we hmtt twe-
re-fttea v^,rln\is ohnrroterl«tlo« of ^Tey t^Rrtlelee Ptieh f^.p t he i r 
S7 
?o^ Btw^yliifr the oh^Tf^eterin-tlm ©f «!r«y r^swtowB, ietit©B» 
or**', trlt«n?» rn^i fflow T^ lofK*, 1147 «l«i« with t^^^ «^«•r« 1b««»! 
«til!l,«i»te<S ualRC? ntmti t^mrdn^^ n-tr,m lyiR^ w4tM« PO^ frtm 
from t.h© T»ol«i of -irimt of Qtm^ni^nm in t1» vm^^mmmmtss^ 
Thus, tha mmsbay of f^tsxn %fji« i^t!«#« t o 1ce5« ^ fmrnlf^if^p' 
th#?e fitnr®, %* hair® rt1i«^r/«€ 548 -pi^ tcifiHg 14^ Brnttf^Tmn^ ^ 
trltoaf! ?»in(i 56 s'l^ A* T»ii.o!53 ttis^-iig «fioe«Pfita im the i?>t©rvf?1.» 
^(?5<V9ao), (50O-150O), (750*1700) mS, (#fW150) ^®Ve i?«f»l»«o-
t lv« ly . Other i^tnilu of th« l!«te if? ftivtm in f alslt (5^1 )• 
T«:t)le (5,1 )l 15«ti»llf» of t>» ant» on jnwy t>«»rti<5t«® 1« 50 ^«Ve 
( l ) Totftl ?m»l5®r of ntt^fm with W|^ >? 1147 
(11) Totsl iiuRb«p of rtesrs (%otti«lnf thop© lylBi? ice'3 
withiu tO/Mw ft-oH elt!i«r fTirf«©« of t!i« 
pi*ocM«ieMii «Bml©ion) 
(111) I'otftl «tj»her of Pt?»«i with 5|j:^ 7 *5fS1 
(Iv) fo ta l tmiahtr of e t » » with H^B ^09 
(•) 1?otrl f!ii!!i%«r ot protom jyroSaeir^g ntprm ?90 
with \:^ 
( • i ) ^otsl nwiB^er of detstftror. ^pvo&tmivfr, mtrivn 1?6 
with ir^ >{? 
(•11} Totrsl wmhrnv of t pi ton T?i?o*Beini? etftxv 3^ 
with W >^? 
( • i l l ) Totfl wmhmr r^t ntarv f>r©«iielT5ff elov 55 
fh© clifitrlhiitif*n8 of hoisvlly lonltiiT^f tmolcs, 1^, in t h t 
88 
( i ) nlov t>i«ms hrv« 1>o«fi f^hmm in Ht^, C5,l). ?^« M»t©|3?p«» 
plottdd lf» Fif. (5«1) r(»»*«??e«t tlHi imBlmr of eiwmtfi utir^ insit 
the wmlb^T of h^ftfy tmt^ per »tar, 
of ^homv tmtUmf <^->f for wyoton, foutewm, trtttwi *if»« ^loir 
ploB pro««elng Btaf« ar» i^^tn 1« feblo (5.?)» "^o valtioe of 
<lfjj> for ««ftttaw»» ?*Ji* triton T^roiuoinf etnwi 1i«iP0 1>«€« otmevmi 
to l>« T«l«tiv«l3r hljp .^er thm tti«t for t^ swton SJTI« slov vltm 
proauelni!? «tai!«i# But tlio w»m mm\mm of «*»o''«r tFaelr©, ^^>9 
for these oato^wrioe of etmrm »r9 noi»j»ly •(ffif^ l* h !?i|*«p Tf»two 
of <lf|j> for trltoB proittcinf etnw as ooBmaw* to itii v«lti« for 
aH otisor ntBOB (rof»rrea to m t^ rotof! owltttoir e»t«»rB) twrt hrm^ 
ing th« «f«io €SJ> hfip hmn rofortoi hf Tirnlfi^ '^ '. 
5 •3 . ^««» ralttos of ^^ H t^ "^ g- «»* '^m f©y ^Iff^rwt tyt^ oa of 
tlio T^ltiee of <®||>i ^%>i <^ |5> «^* <'^ «> fo** 0^ 11 **»o «l««l»-
tofrationo gfi« fj^ r tho iiolfitoionktl^s 1« %ihioh protons* ieu-
terons • trltoB« mi^ slow tslrsns hanro boon oT)ffo^ r^ ^ «a?« tR^olatoi 
1» ffilblo <5#l!), I t i s oviiont ftroB th» tsMo tb»»t tlio woy t», 
« , t f»Tt« »lov « mv9 if^oSttoo* !!ioro at»iiii«i^l3r 1« rtlatlyoty 
hoisTier etaro th«t 1»» ©t«r» vlth Mi^or K ,^ For tho emfppriBm 
aako with the roeulto mt 24 QeVOt ^^ ^«»« nt^o opletilatoi tho 
irromip TiilvoB of th««« r^mvamt^sni for t!» stf»r« with *^,Vf, ^ 
oc«?TO«rlT>g th# resntte nt th« two ««©rrle». It 1#» fooni th>*t tho 
•altMie of < \ > t <%>$ <^-> p»^ <1'g> aro hli? -^er for tho stare 
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©-- $l,ci fri f"*^ IS 
90 
p90#uolni pvt^mst i»t»t«r6fiiit tvittmsi af!<8 l^ow vimn PM 9(m» 
pp««« to th« eo*f*eet»o«4li«t Vftlti** f<» fill %t!« ••entfi wltli 
l^i>/f i« o^t*» t1i« ©irt^ ylfwwt?!. tt le also »e«ti thf«t ^h9 TsltDte 
o f <t| |>t <H^>f ^f> *^< < \ > «»• «»* ^^« ^«»« a* ^»*^ *^» «^*** 
gt«8 for Oiieli t5rf># of •vo«t«» Howewft ttil« «i«owH>i9iey in t ^ 
•mluti of the abovo p*»ri*«tt«»« tsrobsMy cirtpo* i«« to «lff«pofit 
imtttiw of th» firo|«otilofl, 
Tn the o««i»« of »t«r« with W^ :^ ? tivo4eo»€ In 50 <'«v/« lii 
miolimp eolliPioRe, tho Tr«il"t»« of <^^9 ^i?* ^%* ^^'*- ^^ ^^^ 
the Plow IJIOB T»w«oeing »t«w Inoxvi^t \if ^l/^X^ ^ | , 19| 8f*i 1% 
rop^eotlvely fuB oo!ii|iit«0(8 to tholr ooi*pfieiionAir>ir Vfiltnw of thiwto 
pmwBwttn? for fell ©t!i«p stuwr* tn tho- ««8»« of i«iit«i«oii 'p-m^ 
itwiR^ pt{%s« tlioeo pRp^aottiw h«ve hoofi fom»« to tueyoitf^ o hf 
5^7> ,^ 46^t ?1? 8»^ S3.? • ^lisilftfly, for trltofi ?»i«#iiolnf 
fttiiiii ^li^t ^^i^i '^^ ^^  ^ * ^^ •'^  '^ ^^ ^ t»«ii fsmit to IfioTOiiPo liy 
~38^, 51^t 20? ««»* ^^  iwo'TOotlToly. ft !» l«t©f«»tli!f to note 
that t« evory ei#«, the lwor**«iite In <ff^ 1» wore T^ wjnoufioei 
than the Inorease in other t)firf«s«teis« f» ?4 ^T/e f»i«toii» 
nxiQlMm interaotloBs^^' i t hao heen olKieive^ thut the "vpVamm 
of these T»RPsjBetei?e In pien ftTO««olTig etejm es« im«fc hii^iev 
9m eoiimf j»ti to the Tj^ ue« of thoee t»«yi®»teTB for el l other 
etei*«« Xhit the riffe in <1t > Iti the wion pretitelnf «tei« i s 
wueh BO** »harr>er thiei the rise in <Ms f^gr other 
^•4* laia^an' fgOrfaenay of ilffei"e«t t»«rtleleet 
As alresiay B»«tioRea, the tfiteaberB of protaane, «e«tf»roR8, 
tsdtfWB «m« ^Xm* T^ isne i^ttiRlly lisntifleA nre 5^t K^t 
91 
5a,«0i 56 s«!!iT»«otively, w© hme vm^emtei. the wmiimTa of 
mot^ally id®?!tlfi«« tJertlol««» t1i®lp e^rmatei mmtmm o%ta<» 
•^ efel© (5,?)i t^ fslj^ F of Tjs^ rfeiol^ s ij^eTttift^a. t!»«lF eowreotei 
tt^ f^jeifB ftut fp««^ a«T}oy of eaiieslow* 
PaFtlolts t«wa3.(^oT/e) tilun i««- elos after ! i r 3 ! 5 
titlfloi tioitu for 
15 
« 
t 
It 
(95?V90^) 
(fo<vi5oe> 
(?5<V1700) 
(40-150) 
^'^ 'Cl? 
14SI 
IS 
5i 
9S?TS 
Wl? 
s>c?t 
517 
l.e?^ ^•(B 
0,* l?j^.Ol 
0.1fj^^,61 
%15jfJ.«^ 
I t i s !»««« ti^f't th« e!!iif»»l«sii fpoflftiotielos of fi, « PIB« t r^fm 
nvpvtmtmf^telj in the m^ie of l^t 4i 1 x s^tiOottTOljr, An r^l'mfiMw 
st«it«at th« wmm iswislHir of i^ wi? traelrs olJ^esvod %y «P ^OI» tls« 
t#hol© s a ^ l o of Pti^ ire 1» (?»45 4 0,e«), ^Plme, frow ffsMo (5.1) 
we rotle© t!j? t^ the mem mm'^m per s ta r of 3$ ## t an* n nre 
" ^ ^ t ^?» 5^ n'^ ^ ^^X rePBoetlTely of th© m»m velwe of w^ 
Oottfriei^*' %m rp-portei a vsltie of'^^i^ for the f»low t^ iime 
wltfe .ro«i>«et to the imtm mmhfir ©f ip?ey tr?«si!tii» ^erea« l"*-?*!! 
©t a l , ^^ ' fi?ji?o f4v«ii a vp,lnm of 5?» t« lii-eisolPlofi liiter«»oti<m8 
»t 1C50 (loT/o» Batseolcl ©t al.^ ' lisvo retJOftea n valtie of 10^ 
for t t^ flow 1^1 OBB of the fmm mmhtT of rrey ti^,elw. ffmne 
92 
TolTlng t!m iTtttifisotloRt of ?4 0«T/o |>rotfl«w wltli M «** ^ 
utiolol, v(« hero fejiwii a •«!«• of 7.8^ for tH« »loir T»i«ii«. ft 
may be Bete« t>»fit tbo noitfi imrtfeor of i?x«y traolw -MHP etoTf 
<»> in 50 Go7/« ».«\tet(>»i eotlieioR vitH \V1^ i« (4»14 jt ©,<?T). 
Thoot tho fm»t>»ip f>f fflow t»lon« eoiio« mt% to %• ft^O^Jj of «11 
the igpoy tr?»^o wliioli 1» very OIOPO t o tho Tf»tii« of 7«e^ «iM»» 
i n o i ^ t ?4 ^'oVo. 
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ho 3891 61?, 8 ^ m€ ^ MoVe t*fi|5«otiT«ly, ^»i?«ii« mnmrim 
went a l ly ohseyvoi vsltiwi of th« memmtm. of tho«© tiartiol«e 
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<«><l%«ii «»! • ^ < # 8 ^ . e «f.5jKf,« 6e.!y^.» «7.9i^,© 
??o»tt«i» plots i>«tw»«n tlio mmi&ntm. awi tho ipfftos of SBit* 
esiof) foy t), d, t m9 n ftjw «dv«B In flir, C5«7)« *ftie ifita 
t*olBt« Bhmm ill Fiir» (5«7) OOFWH»I>OII« to tlw tvnciw on ^toli 
tho mutual ffiOfi^^vonffiRto hn^ vo ^on ioRO* It in fiotoi t>>at At 
aifforoj't oni^oloR (^^loo tliovt ^»p«awi to ^ ilffi»r«it lappoy 
llfiiltfs for tho soaontwi of tho Ot * '^s* t ifliloli ioarx«i#o wll* 
tho Inorofrfio 1« tho m^tt of •fRi(«tiori« A s ini lor WfWtt ^mm 
elit^noA «*»rll«r^*'. In tlio OROO of »loir T»toii9, It wifr ^ 
notod that the v^lwo of p^ aeoHnot ieiso^t «wiw tlio oeiif^tion 
ari^o. In Chur'tor XII %r» lnwro «li«o !*i9RtlaRoi tlmt tho dvox^ Mp 
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^Inoo in mv oas»li«r Iwrmti^f^im^^"^^ *^^^ %fO 9ti!«i«« 
t*t« tmnfveinte «j?,d[ lofipltttAlntkl mtmamtam of t>t 4t t of»i « 
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Oth«l» T»lMPti«l«««!. f h o Vf»ltl«*» ©f < | l ^ f o r thftlMI TMMptlotAfl «KP» 
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•al«i«B of |J!|» fw th« tjurpo*!* of oGmpmeintf mat rrnvtlte i#tt!i 
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of th««»« partiol«R In 7i!tbX« (5«8}, It 1« foim* thwt <^> for 
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are 
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for tliei»« tJni^iolw fei!^ ^ e « I?1WH IB ^aMt <5.9), ?^t» «iii«r»!i 
1« Fig. (5«8) mpmftint t%9 mm%r%iepl fiS| «lttsd%«tioii« of f, 
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fnht9 (5*9)i ^Rlis««i of eoRstf^tg mwfmmvlng In 4»r|if<»«sien(5»f )• 
t 0,59 1 t .6 
1P thet <'p^ > lBei?^ ar?«0 witli thB iv,Qv«f^e in tho njartlelo mmB^ 
I t i« foima t t e t th« v*'rl«tio!i le of it ^9mXmT «?«tit¥« for p , 
a m^ t . For t^MBUo Tiiirtloloe <p^> mmf 1>« T^l«t©# witl* mme 
1 0 1 
%y tfi« f0tlm4.n^. tmirietik mtp^im 
%#lief« W 1« tli« !««*•» ©f til© ?»ii»tiel« ill tipitff of iftfwteii »^«t 
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|)«etlT«ly f©y f t « mi. t . I t Bay %• is»l»t«« tmt t^«t t*».« 
iiirtn»g» rmlxm ef D^ f©r p*iiy nim^ e«ft ?»©t !>• f«^5«>iiia«i "W 
timing thm9 vf^ltmm ©f t!ie e«ftiit*»fit«« 
5»tO«?» l>gy>«ftltefioa of <p^ m Bhmmw fwaltiiitlettyt 
fh« Tf^fiatierr of <|*|> Ifi «iff«y«Kt W^  Ifitep^ f^i.t** *»«•« %#ii». 
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« 7Ojgl0 §5 J l i f ^ i%7 0 ^ 7?JI 
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tritfwff there ®#ef« to he »««• irtm^lmfitf w»ii«l» m«y he 
ftttsd^toA to low etatl0ti««. In tlie enfm of Of^ rtlor ifivw 
©? t^i(^ i*tioa '^ ' , <f»^ > wm f«md to %• iititriofiiefit of tl»o 
f>hmmT wnltlTitlolty for nil tlio iiftrtloloo, 
^.10«5» t>e«0n«©«oo of <^> on the fiiiptlo of miA^mltmt 
In Hg!» ($«9)« t!io rrninm of <P|> liftTo !>••» f^lottot 
•ireitiPt aiffor®!it inteivftls of oniootoR mngi«m of tho if»0.rtl«lof • 
It i s fottiiS thtst <H|> for iix^orte, io»tox><mf»9 tpttono m^ ivi^ f 
plofie Inos^ftso nfito 90® f«f<i tttojte^ ffeftr it» vfstiio «ti«rl« f«lV 
jrg, Tho i»f»tt©«fi of variatlfwi of <fi|> tftth m^9 in olnilf* 
foi^  all tho i»nrtieloe« ^inilor vesttilto lii^o %eoii yot^ ovtoi 
^y Ateini «t al.^^^' eloo* 
Hovo wo its-^ont f*ooiilt on loR<trltit4i!tol momoiitaR AtotH^ 
Imtianiof tlio 'partleloe in tko o^ i^o fioewntvai intovmlo • • eoiv> 
eiiopo« in ^ 0 o««t of tyggMtyow woaontwi «lfftt4^tio!»» fHo 
ft^oltito loRFitnHinol iWMitontwa iiPtfilmtioRs of|»»fl»ti9i<fK 
hg(r«p ^ton «ifinl«yei in Fi§, (5»10), ^ fii^ s ^iwilarity 
bot%««n tho |9j\ aiotrllwtion* of n «ffl« « olont with « uliflit 
aiffifrfonoo in tho \p^\ ( i^otii'i^ Qtione for ttdtonn* I'^ rtliorf 
tho (pj^ l dlPts*i%«tion of tho wref ^imm rmm^am oipjnifloeiitly 
iitfermtt ffmt tli?»t of p, i nut t , ?^^ s»lior wo hai foona »istt» 
lor fiotitrof* of \^\ AiPtrihotiafio in tho o«oo of tho ffooonfii*. 
Hoo isi«o««oo5 in ?4 ??«•/« T^ WJtoiWsaoloiif' intoi«otion«« fho 
Tal««« of < ||»j| > foF p, i» t mni. % |)roihtoo€ in 50 (loV« i^ 
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o DEUTER0W3 
« it 
^ SO I 
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""ito'lla 
?JKI. 5-9 Variation of transT9r3« laoitciiita of partlcl** 
wltb angX9 of •Nation. 
102b 
I 
S313fl^¥d JO ^29Hr^ 
103 
«9ii tti© •atuM uf <|i>j| > ffsr tt»« iniftlelts ««ltt«« in f4%t/e 
proton lnt«r»eti«»i8, A i?t.©!^ e« at ?«"fet« (5,11) «mgpe«te that 
< 1 P , | > vnl««ii for t>, t , t ii*^ « It m t l » tir© «5m«t4«««t« t i ^ 
fa i r ly ooitp«w*1», S^rt1i«r, %« haft fcniRtf the* « MIWOB ^^IS-
Isrtiefll ftoiotloB Hrmi \mlmt r«T>rtii«iit» the wretriawttiilly 
olK««rve4 liw { ii«!trih«ti«iie of |»» < f«pt t , 
''(>|l»ll>l%l •«'<K|A|Pi|>f«^(|?ilA|!»i|>)^|«1»ll<5.4) 
«liero «• f^' «n« «• «?• e«if^t*«Jt8. ffit«r»#tlii^l3r» th« ^tti«« 
of n* fiTtd f» hnim hoen fmmA to ho 1 i^« 1 , ^ »o»iioot!Toly for 
o i l tho i^firtJolwf, fhe v^ttioo of u* for ?>, « fiWi t eewo «it 
to ho 18#75t 5#^4 i»i»4 O.Tf (H^T/oJT r«Pi!)oetlTely. tn Hit , 
(5,10) tho otivroo rit>»o«o»t cmfit^rtloiil jpjl «iPtrlhirtl8R« of t», 
ffthlo (5,11 ) i ftroraio T?»ltioo of loj?rlt««ifial nawor^ o of 
t)«rtieloo« 
Purtleloo ATomio l«r»i?lt««Si!al nonetitci < |i!>j| >(?%^/o) 
iBtei^ettoRo 
P »^4# 
< ?9T4;«< 
t 5?«J!» 
« 47j5 
94{i«V/e t*rotoiMwtoio«8 
intorootiof^ 
««3yjs 
545i!» 
MTi^o 
5<?J66 
5«11«1« l>owm«««oe of <li>j^ | > on t^ nx i^olo iBfii>«f 
I t tmy ho nole^ frotw ffthl* (5.11) th«t <1'»«1> iTtoTOfiPoo 
104 
with t!i« i)ay%iel# m»B» In t%« e^m df i!»f^*m«t ««iBt««w« fmi 
tritoiMi, Foy fe*5<»??« t^i*^if^te« tfie esre^rliseiitisl vm1fc^ « ?>jpt nimtf 
rtww^neei tj^ tli© foll9%?i«ir miepiritinl wlntloB 
isj|i«i?e ! • f»i« « • a!P© e«r»f«t'^ fiti5 m6 ^ 1« tINi ««» • o f t l » t»«i«tlet« 
i n i » i ^ o f t^rotoR « « # • . ^%© vi5lt»f» o f f * !»»i B* 1*«^ «^  t»flfi fonpfi 
by * ! » l # i # t RflW-wn f i t t a t l t« i f i t i i t o Ist-^^^i ^«"^/« «a^ (f*.*^ ^ 
0 ,11 ) Wiw&et l^ t l j r , l ^ f« I t tiMjmti ^ i?iiiiale«4l t l i « t tl i« Vfit«« »f , 
< |p« I > f o r »low tiiflfiA €«e8 f?«t f i t lf» t ^ mheiv9 0iW5iHe«ii f « t m t l « i , 
^hiB f « fml t 1» «©t ilff«i"«siit fvtm %lm m% ©M?*l««« ©®rtl«i?^ . 
5»11»S^« 1^©ft^«?«e« of < 1 I N 1 > «n «f»ow«r s ro l t l i i f l l i i i t ^ 
fafe l* ( 5 , 1 ^ ) #t»iwi' th© i®i«mi0!*«» a f < I I H I ^ **^  fml t l t»1 . ie l t f , 
^0 t *»5P i i f f e r ^ n t i^ ir t le le i i 1 B t l iv te i?rwif» d f eirtiits •<• ^ Q ^ * » 
S^^j^t ffi« ^ - ^ » ^t «sy %• s'sfi*!! fjww tl i« ti!%l« t l i s t f *?ltMtfi gyyqiifii 
9 w 
th« *f?li3«® ©f € \pm\ > ©f i0iy I f i i l^ iawRl f?iirtl«l«9 I f i tl»« t! ist« mst^ 
upe of ^t'wtts yesftlfi t^imetleal ly tli© siwo a?*# fwne* i(Viip»*?« vmlfws 
fftblo ($»1S) i ATtwii?© r^^leott ©f l « « ^ t B € l « a l HKjtwfiti* I n 
dllfPiSWSt W^ illt0S<Val8, 
lOlM 
'^'mTm.(m longituilRiil sMSiitfite!! < Itwl > (^«l^/o) !!li 
ii f i iys ^^4*1? ?54^i ?i%ia ^ i j f f n4±i^ 
41 ^1%10 ^9Qjl5 ?0f5jt1t 303^ 354jfel« ' f ^ ^ ^ 
t 4S3j^f mf^i!^ 3^<t^3 47f jn TTfJ^I ITTO**?? 
« !r9Jf 50j.f* 4gSi^  4^4iS m^O m£f 
105 
•fhii vni^eF of < IfuI > fiMP II, ty t aM m hsfm %••» t»tott»i 
ftgnlfi^t yfiidows afigia^f int«fvii1s tn *t»« tnboiPaAei*^  pywt^ B tii 
Pig, (5»t1)» for thm« tsar*l®l«« t!» Taviaitien ©f <|'p-l > with 
t l l« m0.9 o f OlSlliSlOII a » fO«Wi t o ^ ©lf»ltsl», SlSll l f iy 3««lf«llt« 
fe«T» l»#«ii v«r>oft#i iR tlio e«#» of S?4 ??«V/o t»yo*oi»»A#r liitos^* 
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• • 
• " • 
id—fa—ife—4i 
Ot (dtgrtcsi 
FIfi. 5.11 V r i ^ t l n of longltudloai moamata^ of 
partjichist with aogl« of •adMloo. 
i D o 
1, J« IftlwcVl *»M <^ . Wowjilc, tpslkrow fw»e«* ^o, ^a/PW (1977). 
t» M. YttiHi. Htjoir© Ol f^ to , jffit «I55 (1^1)1 Mt 1^^ (in«4>. 
4. If, aottf!pl«d. Fifth tRtiiiffiiitlenal Gmt&rmtm m M0 ISte«»«r 
1974, p. 79, 
5« 0,F, ?oi«9ll e% ©!•, ^h« f^ %e«y of «l«ii»ntf»ry T>f»ftl«t#« %y tli« 
phot©jf?r»rMo i»thoi , ?««?»«»«« 1hpe«8t "Umirm^ ^0.f>mti^ 1<^9, 
?• 442, 
6. J, B«fe«i>lcl f»w« B, ftt»!!«^«!c«, 1^T9ktiv peporl 754/Pli ( 1 ^ ) , 
7# H, wift««1*r» ^tiel, ?H5nii(i«» ^ , 6«1 (f9«5), 
of ?«ifi«^ wwntffll ll©R«i«pi8fe (19<56), 9 , 50, 
9 , 1 , Znfmr <rt ©t,t Can«, J , Hi^mie©, 51t ^^^ (1*?75), 
10, M, Xrfftn «t al,» ^ovo Cfifi«it0, ge4> 354 (1974), 
11, I , Alwial 9t isl, , Ofs««, ^» ?t»3P8,» ^ f 1^1 (1974), 
19, I , mmn.9. %t ftl,t C*i«, Jr, l»li3ni,, 5Jt» <^5f77 (1976), 
107 
Vifwmim mi ^mfinim itagafai 
» 
•etin^ b«eidi0« It off#x« tfi epf^ dptrnilty of im^i#tgai4inf t%o 
preeofte of t^ioH ^inintoir^tiofiet nsitnx* m& jiunim^ifm wt^hmitm 
of 99em&BWf nartielM «n# ^ o 9ts«ot«ix« of teipfwt mioloi« Fo«» 
i^ lni? t'^ l« objootlvo in «ln«, iio ^wf oafiploA Ottt esi •xt«?»«lv« 
8tt3«y of the ai0ii)t«grf$tioi}« emsm€ %y f4 <5«V« tn«toB« mH 
5C 0«?/e iti«M?^ ofi« i*ltt! «!lff^f««t taipff«t mieloi* 
o^s» «^«ly«l«ir tl»« Alslfito^yetioriSy «oooriifiyT ti»»«lr« f#itllin? 
witfiin o«y eoloetioit oyitoriat ««9«rtl»i In <3»i»f?%ey f t , !»«<rri» emly 
boon oHoROR for oarrylnir owt r^oAmf swaBtiwenwtfi. ^^ tofimlnf 
t*pi*tloleB bpivo boon i^r^tifioA by earsyinf oot mmn wmtmivmmmt 
by ooneti^ sjitia^ ttft f?t«tbot« Mdltfonflilty, tbo li®«tlty of tbo 
t»artleli«i h??v» bo«B T07ifi«d by ooimtlftt ii)t«irMil fWiibor of 
aelte raye onror ooFtaln ro^iaial vmm9i» ^ ^^ otbor biAA^  non» 
storp?^ lt^ f! t?n5-tif»l«9 b«(Wi boMi iior>iifl«i by a«t«fffd«lii|i woltii>lo 
BO&t%9vinif pGTtm9t9T9 U9 f^A oiMiBifle ienitf^tioR, if», tt f!ifiy 
bo notoS that boofttiet of mv tixAteMffm In folloodTif tbo tmdkfi 
fpoB ofio pleto to «noth«i»g m ovofiiliotgiifiir Rn^erity of tbo f»isftl» 
oloo hmm boon i««fttifioi by tb« lattor mtithoit «B« tbo l«ef»tlfi-
eation of tbo pfiTtieloo by ttilo wotliot bno bo«a obftofvoil to bo 
aliioot tmnmbli^ oiitis 
Wo hpiro roofi that «<mT&m i!oltlT»lioity of bOifrUy ionislnir 
psrtiolou nx9 oeo<^tially tn^Oftepioiit ot mev^ tm^ tfoi^ jrly ioiiN»i*» 
en the nsturo of tho projoetllo* Fiivt^ or» tuvm^mm !ioltl?»tlelty 
I D S 
Of tMi^llr ionising i!)f».rtloloe %«v« ^«R tmm^ to 1i« pyptoaati^ 
oally tmmr for ^^^A oolli»ieff»i thm fo* 9«A oelliiiiaiio. It i» 
mlB0 «9m tliet tho tr^ ttxo of <9 > iti t ^ oftot of ri»iton«4!noto«ii 
eoUiftiono le roletlvoly mom than i-te ooin?om\oi»aii^ *r v»tt»o fo» 
ii:>«molaa8 ooXliBieno at th9 p«nt inoiSo^ «Rovif« fho y^tie of 
tho tmrtktm imjititjlieity of »*sowor trsetto^ <»->§ an« tlio l^otiof^ 
nion B, i^ " » hr0 "be«i foiaR« ti?r tai to %• (1.TO J; f'.C 4^) i»M^ is 
i» etm9 etw^moiit with tho vulvoo of (1»7» jt O*^) «9^ (1,T? i 
0,0?) oMeitioa hy oth«ip woflrot« gl «0 iSR* POO ^«V/o jos-noetiroly, 
Xnoiaentf^ lXsry t!i««^ Taltiofl uxo not imoli flifforent fwii tho oomo»» 
t»onMnf valnoo oM<«(inoi in lii»iTeii«l}adyoii eollioiono t»#ioatint 
that tho t^ znAiotion aiooliiPioB of i^ hoiioxfi etg^  ho ^isiiletr in hoth 
t^poo of intoYootiono <»««• hatMfWi^ adMii e^t hi%af>en>4tQol«n« oolli* 
siono* 
fho f^tltto of tho w««i nofuialigo* smltit^tieity, i^itoA^ "^ A1 ^ 
co»«s» out to ht (1*41 jt 0#5)» ^ i « \9mi» to tho Tf»l^ t of « • 
0*089 jt 0«009f %fhioh in^ioettos it Tovy wooir doTiondenee on tho 
mefitt of tho tariot nvoloofi, Fovlho»f tho v^ l^noo of ^^^^^ji^^ 
mnd a in toTiw of tho eronto^ ehi^ PioA |i«ix^iolos h^ f^o hoon found 
to he ocpol to (1,75 jfe 0.05) mi^ (0,111 jt 0.009) iJoonootiToty, 
?ho AeiMintoTioo of R.^  tsii fl^ on oi^ owgy «he*jf« thst R^ * h^i wot 
ronohoi o oonotunt v^ltio oron ®t ononeioo m ^i#i aii'vi©© l^ol' 
©na A^8 '^•*s^ '^* e«^"ti«ll3r on»r#gr in««T>eni«it in tho on«i»«y 
rsnip froBi'N'ge t?e7 nn« ahove. It Hi^  ho notoA that tho t»iw€io-
tioiui of tho aiffn^tiip© osoitation ©oiol m^ siotifioa « i e t ^ 
flax Of^ Ofj^  !5o^el &T% in rooi aiowesiont vith tho or«>ori»VRtai 
po9«Xte so for os tho iot^ on««»nee of Rj^  on tho ttirmt oino 
109 
Pro« thtt conflation fftti«l«i htitvmt <^i^>9 ^^'^9 ^^ *^ * 
<W >, wo hawm POOR ths«t tho»« i^ ftrsawtose «e9 llnoniljr rolstoi 
^Ith «fli«li otHor. How«roar, tlio Atf)»na«noo of <ff^ > en W hot %e«ii 
foima to tjo fttwmgor ani eoiip^rei to tho ^tmniimtm of <W^> on 
otliei* txufeiietere, f^rthov, the oorxvlatlons i^tif»«f} liosrity 
ioni0ir*g, blaok m& weef twoles matlplieitios hm^ 1)*oii e%oef«-
iroi to ^ indof^ oniont of ofstfygj i^i natftve of tl)« |i«ej«otil«« 
fjroR! tho fitniy of tlio anpilidP 4ii«tsl%atioitt of eMoniayy 
tVA^Sf i t hm boon o%i»«ivo€ tha' tli« l»lfiolt '^iwmm at* •oittffi 
tioavir isotrortieiilly i» t!M lA^oyatevy o^ rstMi mti ilhmm «tli^t 
forw»jNI oxoom ^10^ tMcm i^ net !» ctignifioioitly i^ in tito eoffisio 
ray otaw. further* isaprlap aittrlhotlrm* of gnsf tva^it* !»!?«>• 
auoof rt %fl«ol3r aifferwit «r»iw»irl«« hanrt ^«« ohoowoA to i?«!»iil« 
nBOhi^ iiigti vith msp^at to th# lnoid«nt ots«rgy» fhls Iwr'll*^ thet 
th# fjngwlsup aiBt?41»»tl«n® of f^rey tmailm show fi TmBmi^tmhX9 oen*?*. 
ti^ Mty vlth poswiet to tho nattiM mtt onowar of tht T»pl«iary if^ pjptl-
©1««, It h©?» alto hoon ohooiroA th«t tho ^yoy t«i«it» aro onlttot 
t^ re^ominantly In th« tov^'srti dixvetlon, The fos^m* ^olt hohfirionr 
p\ipT»oft« the i6ta that the sT«y fjertlelte ifl?e ImeelBi^ oii veeolla. 
In the Of^ e of ohoi*ei» i?artlol«fif It may he eeen that *^Hrfi^  «*** 
Oj. Inoroa^e with the inoroaf»e of i^ ant aeereas^ a with the inoroaite 
of the ovejeotile oi^ erior. Thust the Aeexea^e In the mmm e«ii{i«>ioB 
«nrl«» <%,ii> ««* ©i. >^^ *^« InoreaBo of inpojeotite onevfcy foir 
the s« i^e tan^t nttolous elearly sugi^ata «oaie 'Collinatlon 
effect* to tnke |»ltNBe» fhe inesea^e of <^^i^ ««»* ©j. with ^i* 
Ill) 
l!iox9f!tfi9 Of n. lit th« f^ flmi ttif<»{|eotil« mmrm i9 0fm to flw 
ItiTolYosMWit of movf^ offoetlTt t«yp»t eai^t, 
F««udo rftisidlty Aittritm^ien fhmm tlio ttvon f^ioo <^ ^taoid 
«tn]«ttif« in t!»« i^^  aiptrllwtitm for *li« ovwite wltli W^i ^ i 
mt^imm towiiTfti lower »iT>idity ei«o Ytooamo eiovo ejn€ mof* jum" 
fteimooa with liMf«c#Snt taifttt «!«•• fli« ee?»ti?« of t>«e 4ii»t?i« 
^ t i o n Qtrntismmelf shifts tow^rifi tomr nc i i i t j r ^i^ sa ^^ 
intT&si0%a iitaiofttitig t^at t^ ! • to earn extont m oocvpytfiblo 
aoflii«ix» of tho T^ im^ er of oolli9le»« Inoiao t!i« fmolons* 0«nti^ 
oi^ of tho Aintri^mtlois of oxoono psirtiolm 9Mtt» tmmv*w t%o 
lo^iov rabidity «i«o vitfe inowmnl^i tiirfFot fliiio, ffeo on«oli»i» 
dlstri'biitiwi Iti tlio i»x*ojeotllo frapiontatioR roil on (oorrootiaB** 
Inf to lilji^or valuta of T[) vem&itm 99mmt%iCi.lLr 'm9%mm^ m tlio 
t»r|»t «iso IrioroiPOft* Itiiioo o%«ioxTed «lkMnp»s in tho oh«T»o of 
thoT\^ « -^noots«n (Htft to tHo liftoreaM in t^ri^t @l«o Ita ioi^maoneo 
en H (or v ) as« tho t^inoial otiaietiiyt of the dlntFitiiitloR d«itg8»» 
diet?* the piweietloRF of the ooheirent tahe PoAel» v?fiere the 
hatitjiMRuoleito intereotlon in eoneiaexNii to he l^efitioel to the 
haAxtm^ntaeleoti oolliniane «t hii^iev oROffpies, Hi hi;greii«9i»ole«R 
oollieiune at hi#ier ^err i ee thoM fbnttivee itxe not ehf^eivei, 
OoBfrioelte nature of o»Rtleioii (hiring two prou^ B of imelel (^t^ 
eni A#r) o«R not he Fof^ponisihle for the eheofvei neeallerltle^ 
In T|^ « t^!«cti?uB, einoe the ev9Btf« with lt^3 at»e eeeentlstljr fjpow 
the he©iry ?»r«Jp of f?tj^lal. Mojjtorer, t»wrtoB-««iel««e eolllivlfine 
In eamliPlon do not f»how mj hlsioAal i?tf«et\Ji« ist ®lrall#ap ener«plef(. 
It Rajr b© B»rtione4 t h ^ hisioAellty «t hl«;her tsruset «aw» hae 
sl«o heen oheerrftd In *iiBisel«ii9p Intei^aotione usMnt trewi ti9!p#!»te 
hy other woT^.et«. However» the ntatJittlo*? In the r^yesent eitnerl-
I l l 
pent le r?ot very i!»«P«lv8 to fl.y^ «# PfWy <!«»flnlt« efiP<s1«i*ifl?»,, 
fho olisinr© t?^  t^ "«6 nhtivtt «.f tlii» i^«*«i^otru« tow.«s^e terwer T^ 
with iROis^^lrjg titt^ot f^im ^-^ tb© shif t nf tb© aositrold of 
ttife exceos T>!5srtielee lf» fsumlStfitlTBly if«jes!!5l»t«mt '4#lt^  the 
eirt©!?^ fltdr oasop?!§« f^^^el fffH. ather r»oiele f»f tt^lii oXn^n t^ »«5?e 
•V|__-©t«etiruii fiw»B» «tow hp^Tfrae 1B vi^^tif^lli^d to 1>« imd@r-m^0Pit 
of tl^e ntttnboi!' of oolll8l*^r>», y , i«t:»l<i© t!i© waelo'ttf* tmi #i*n«Hf!ie 
only t3ffi the onntg^ of tit© Inoiaont imjftlele©. 
The vnli?ei! of <5^>» <^'^>§ <^-^ s^^ <^-> a** filiPiher -^ op the 
t!?e f?tf>r9 n ro^o ln r T»t € , t sr^ a n ?*» Qmrnnret^ t o t he i r eoptwi-* 
•non^ iyjfr valwofi for ©11 ttie ©ver-tf» 1T> Imtli the ©sr^rltuwitSf 50 
C?©Vo ?^ «^  ^4 OeVe liitej^«itia»i8» t t In t^Xno f^em tb©t the v?*-» 
liie© of < |^j>» < '^^ >» <^|> caii <!t > ©re i^ot the nrime s t hoth the 
onerpiee for ©aoh t,*me nf ev^titp. Ho*^«@f7@r, f^ls iieeret^efio? in 
th« values of the ahove t»«jr©siBter« "prohably ©3"1PO8 «^e to ^If^e-
retJt «r«ti?re of th© T^roJeotHee. Purtl^or, the Inor^inse in <ti > 
hns been ohP©rvei t o be piore Tsronoimeea thaji rather ?>©r!5H"Wl!©i«f lf» 
the ori»e of /ll«il«te,^?itloii8 T>ro*iolr!(y ti, €» t f^S i!% 
Aiwrage QniBBicm fpe«ftt«'^el^ of P§ A9 t m^ n h**v© he©?! f&m§ 
to he 5,84, 1.44» 0«?1 ^nfl O.*^ r«?pr^«tlvely« ^ e vnlwe ?if <W > 
for a l l tho ??ta3W with N^ ^^ ? IP (4,34 j ^ O.C?), *hii>f?, •he ?m^>©r 
0f "low viimn in fli,0^/J of f t^l the «*reT trfolts w»^ loh elo««ety a.«w>*»s 
with th© v-.l^ ^oB Of 7.8/J obtnima ^" ^^ "* ^* ^^>^- ^'»^'^^'-. V 
fttiayinp; th© vrrff^tlnr© of <f> -'^ or f^ t *» t RT^ S « t^tth <%>$ <^y!>f 
<^J» ntia ^0^9 "^ ^'^'^^ ^^^ thP't •••*'© tm5»latlf»»,s of <f> vrfth < \ > t 
<N|j>, <^0 !^ <t <^g> nr© f»ll Huesr for th#R© T.f»irt.io''e«» 
It! the -ttt^ly ef the ^l©lf?te^!ir^lcti9 T»??O*^ WO0« hy ?4 ^^V/ti 
protoRo with Ar 0nd Br r!t?el<>l, th© vlel^R r^r "tn.r of r?, ^ , t . 
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Il?»mw1.«l r.rta f?lrt%# w Hi^e b©«n ff«wa tn l>e I.^O. t.C^t ^•^^t 
0.30 fWfi ^•33 f«p^«etlv«ly, ftnw, %»© »"<»tlc!c thnt the »«l«f!l«i« 
8?i« tile fj^cp«!eli>i» of jt^^i^^j^iei m tritmi' mV9 mlwmt •(mitl. 
»?!« t r l t « » s . ' ^ i e mjait3»©y Itsie btKsn fmrr>i td r«»eli! 0t»«ft 0(»iii» 
ttm% ovev «^if*©r«nt H^^ ir»tefvel«« "^1^ i^tl© of imslsl.y pn# Piy*^y 
o!;erff®5 n^r t l e l i ^ tia^ been fenm i^ to ifie'»*©ei5« %diafe <'^>» A siisl-
las? ffes^ tM!?© hf«e been ofe^ 'esf^ ed for trltcme a« vett» Fi?rth#p, i t 
has ^e«f! pe<«n that <f> inerei^es tlnt^yijr «^lth <^J>f ^«>» < \ > 
B5ta <lt|.> fof 0II t^© n??3?tlele8, metifit tt^st e rw^sitratlo «let«m-
aeno© of <f> em <1^ >^ bi^ s W^u dbr^ivir^i. irt the ©«P# '>f t r t tone 
ejia He'-nuolei, I t sisy b« i?«fi!ar»lreMi hew- thr^t t^ere «s.iw frmr 
Of! *?l^ iol3 <f> >»i*si biNw*. fenmi to «^?>€H9a, Tt Is? f*^ »y«»ffrp<ri, #lf-*lf?»3tt 
t o fel?»et ofie or tvio oi5t of a l l the par-^et^f^ %i*»ie*t wsy ^ t^ 1r«« 
ae th© in^a .^efifffsfit vns^afele^ o^j» «!iiOh rtii-*!©©. fn OT^OI* to bo 
©Mo to ?»el©ot the ifi(^ -©t»©n5©Rt T*©wpiet®yp, wtrmvirmnt ^hrmXH be 
T^erfawj©^ at ^.iffftrmit mtrfieff f^Q t!i«t the ^-^rtption of <f> r-rSth 
the ?>p^ rft?»9toi«f!, t be l r Interaei^ei^^enoe» nm^ nlBQ t h e i r et»e*»^ 
do'^o'naenee, If isny, isey be e€»tabtlf«be^« ?!o^ev©j», m»r esrrseylnoiR-. 
t n l r©y*ultf? s»!ow thst <f> lne?*?e#*e?? limifivly 'wltb <W. > fop ifsfoige 
r^artlolest t«i*iille for i»««io ether -naytlelef? the .i?»ewin*»e 1« <inf»«f!i>-
etio« i'fe sRisy infer , theijef'^tt^, *.h©t <ll|,> oat of •^ 11 th© rynTf*-
Bates^ Is rrobi?*bly the more hsfile one. 
.-.^  h©ve pmmt that th<? eriiesioB fi«<me«el€»*^ of T», -^^  fjna t 
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li^ p© 1» the fj^tio «?f5t1 as^ ?^  tt?© f^il«e«eief! of H«* f»n« tHt€»»«? 
have ^©sn fmm^, t a ^ ?it«r>#t •flftt&!l« ©^w t f i!«i «Re tb# fjsiot 
thnt tliQ "M»ob?!^tlity of emtselcm of twi«ti*ci!i« i« t>»« Ptmm s.« 
thr-t ©f »^ T»otp!P0, fh© yst io of ft«>rttt«nol«P of mieleisffw, ^mite?tms 
ignd fr?ip«!fit*' wltli »i«RS muatjep ttixfio \tmX^ hefirmm 1**i?tS*. I f w« 
eas^it thfit T» in th^ T5W> f^«%ility of i>alT4?ir of t%«> e«iffe«.^  fms* 
le«r» t *^« vt^t>*»Mtlty of fofWJ.tiow of © ^ iitewfi f^ t?t(S tM» ^ 
«a th© foii»r»tlon of di-«i?otoii- ?m€ €i-» fi«it,itiwn RvBt«s! l e T«ot 
T>of?9ll>l«. *?ifo« t»».er« « » 1ft ?wi?5t»eos, t^OT©fof«t t!i« T«w!b«r of 
c!e«t«»ro«« voisI€ he «miol to tS 
p • i* "i^ltf»rXy» the fmsii9«r of Cn«' • Tf^ ) trfonits ti# ?i9, *i»^ .#i?« 3 
If til© i5*Ks^r of a.«ut«iwr!.8 fpi t» ferroT'eiite tbe tiroboMllty ef 
for«atlo»^ of a ti?ltoR <M» Re-wi^i^ot^us ss o !r*?f*«lt of rairtnir of 
thr«t niiel©o?^o «jr © «mtt#fN»! p^« o Ftiot^ois, *i'>mf», tl^e i^tw^r of 
(H#' • !f') o^QUld ttJi* «ut t o !>e 1«5 oli tf»ifirfr !» • f aPsl«» ^1n», 
we s««© that thin s^golt* oMoSf;#« e« the b^fls of osni«« i98SO£!p» 
tlcmst otmt>opt« tbo plok-«i& isoiel.. 
Am nointoft « t t ©ftyli«p» t»^ © fs?ef«i»i^ ey per ??tf»y of ^'Imr 
plone l.fi 'p'-'n^ollotti^  iTiteraotlfwie In 5i» «ir?*«piT»o«t h?^ %«©« fottt?« 
to be'V0,55 aT»(!, In thf» oi^e of i>-fs eottlelopo f?»t a Pl^pitay mimfy 
itP vrMm IfS'N/^v.l, "fhw, wB ff^ o th«»t th© ^©1«« of low e?t#r«Tr 
t^ lor*« in -e—wttotoiw m^ t»-t> eotti^loop ^.ve efmr«!rii«i»t«iy In the 
yj^tio of 5i1« ^ th© hr?riii of tho i?oljiti"f« y ie ia i of «il©*r 'ote??« 
for T**mioleir» m^ -o-t? eolli??iow« ?^ f5i th** faet that asm lr»el<^ «!!*t 
rrotoR mdN'Of? f»bm?t thro© ool.ti'^lon?? inf*i^o tk trnmry erml.pslon 
fiwelouii, i t fmy h9 ir!f©rro« ths t th« inei^erit -^rotm! lt»tomot« 
e\*eee*»f?iToly i th th« mje?.o<«?« irol(?© the rmctoti?? m€ ??yo5ttoe8 
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'^O.l f^lmi vim in ^mh 9itemnteT» ^ 1 « wonia tfiisi w9m ttiat 
th« •Cc»Roadlfi|'j rsticil««3S»» fjflntii»*t«it# fi«i»l.|p'lMy, i f «t a l l , to 
th0 rs^o^ltietler? of ttiefs© ?*lcai», W®, tfwi(f«f€if^ » fo t l t!«#<t t*»© 
s lov T'ltws cant fyow tbe Im* ©iRei^ r^ t a i l of ^^ ?»l<»w» rs^^^eed 
im 8\je««®8lv© oolllf!l«m« ©f thu l?iel(i«»st -^rfitgii ^ t h th# iitiot-
OIJB in??!?;© t!i» mioleiis. hs i ^ m i ^ t%« fiiw»t»p of *»liw nrotow*, 
i t ra«iy t» iw!»Ejp«i!*rii4t *s©wipr«i?, ttist t h i ^ isxsi wowtty ^10 to th« 
oafiosiliig t»rooeP8 iin«ia« tfe« i«ieli«», 
fvan th© f?tw«y of th« ?«R#»1»J? «i»»trlbtttlaf!ii of w t y i», «, 
t e9i« flow 11 I t hmr t3#o« ol^®!fr»« thjit tluB ^IstfJ%«tloJ!e aw* ««i-
Ifotfw^iu, ?h© ev«r?»_^ 9ai^»lflii i*J|8!a,©p» ^rm 1^ «fm ©«»tif»f»t»« foy 
these t»iirtlolee 1« Hfffetwit 1^ ^ Intetvulf? «r»i fetm^ to bo cos»#» 
tafJt vi th < |^,>» '3?lilii lf*!stl©^ th©t tlio eSRffolf* «l*tfllswtlof}» of 
rroy tjfurtlclos j^ how a romsii^ssblo s t ab i l i t y wltli x^s i^^ eet to t^o 
tyne of 9 ta t« , i!if*ttiwi $sn& of ie i^ of tb® t^rifflfay T>»rti?»l«s, 
fhQ m^T%f9 r^ ofaeTits of f*, i , t asi 9lmt m T^roiuec^ In 5C5 
(?©?/© »»mJol©t»! i^d ?4 OoV/« tjsvtafwrmelewi ifYt«motie#ifi tiesro 
boon ob^oxved t o be Rtrjply OffuidL. Foftb©?, tbe gv^rttm er^ ewfsy 
of th® n^y TJf53ptleie6 l iwlul^i la tbe emm^.fni9 of <llsflfit««T»» 
tiowR ^i«o#«oe5 by 50 6e^/o m s#n?©ea oloRoly «ltli tlie oorrePiMinft-
iTJ^  V0l«e obtained In ?4 0#y/e lTitevReti<me, 
m hipre obfterved tfi» t^ tbe H| «B« Iml • aistrJbotlime of 
1), «t t 8d«a riotr 1? m 50 ©«V/e w^hf^v HT»<I ??4 fe^/9 r^ ^ # ^ itv. 
teraotlofw? s*e olwil«y, tie l»®(re e^Ae© eeen th?^ it? botb tbo 
e s?es» tbe vajdlettion of <^> mi <|p«|> %rlth tbe •partlele wnne, 
f*he*#©r f iul t l^l tel ty ^ a af^ fsrle of eisl^eien exhibit f«li»dlny 
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^•hrjvieiir. '?<"!lsf ?»»*?n?^8 t>»©t th© ©hcsi^ If? t»!o u-'^ tii-s* m^ murrey 
of the T^nrtlffles €(i^n net ogiti?* «i?iy ?»tiplfie!»j»t eihmm 1*» tlNu 
eyl«8 t»itiaw<»©a 111 th«»fe l«t««ictioiHfi, 
of |*t * ssnt t hss^o b««« otmistr^^i t s 'bo all. ftlllro, t«»ioi^ 9i«8 t>ij«t of 
Plow •plan?' ftp© ©l^^Jflessntty ilffor^ont, ?1m«, f^!» nsy Infer fiwr« 
i t t!t0t *^ e)?li«t»?^  i», 5 nii« t ayo Tiapo^oot t»*»ow.iifi fllntlRi* ?!M>H^ a«l0» 
as€ fh© ?!po<!tiotl<5m of s»low Mono tsj^oo nlwoo thswif* or»tli»oly 
I t giv«a is« great pleyi3ur« to sxpress ^^ deep sense of 
grati tude to Professor Motid. ^ti%tl tor tits continued ^uid^ance* 
enooura^ef^ent and belp throughout tb@ eourae of ^r^atint investl ' 
gntloo. 1 ai! thankful to rrofessor ^..^.u* tvnan» ae4d of the 
Depart2M»nt of i^ysies, Alittarb NkJsXiss Universityt nll^arto, for 
extending to ste the f a c i l i t i e s of the Lttiuision Utborutory* 
I urn deeply indebtad to Or* iohd. lrf<»n n^ l^ o baa been a 
constant source of inspirjiition and unstinted help during the 
course of the present an«iXysls and to Dr. -fohd. ^afar for 
many suggestions and many stimulating discussion oo the subject. 
X also wish to tb^ink to tbe aie:i^ers of ei^ulsion labor^^tory and 
in part icular Hir. i^aboor r»bi£ad, Mr. Uamm All, !r. nf^^l Ab-Siidt 
Hr. Icirlq ^ztz mnd Mr. abafl^ue Abmad for some helpful discu-
ssion auad pleaisant colliiboratioD. t^jr thanks ar& also due to 
Mr. n l taf All Khan for typing th is thes i s . 
In tbe end* tbe financial assistance frofs the Council of 
•ielentific and Industrial ii^searob, India i s cilso acknowledged 
tfltb thanks* 
^i/^-^-^^i 
( ^bdur ^khlai Khan ) 
T?!««»f!!0wte« fit t!i« 111 Hi?!!! ^^i««^ ?l!yiile8 *?yi!?^ 0f i t » !i«ia ?^ t 
b 
1%« i^ii«wf>p» ??0v©?«1>ey 1-»5, 1*^6^ '?^el« t , f 4 . 
? . SoiMi eharaotortst iOB of 50 Oe'^/e -^«TOaI««n» eo l t lis lone 
Prf»fi0tit«€ «%t t»»© TIT Hi 15^  %5erfl!y T'hvrileft J^yimoBlttm I»elll ot 
Bhutm«f?wni*t ^ o v s e ^ r 1-5t 197S» Vol, J , ^» 
3 . Ttos^ e ohsTfteteyl^tlOfv of ! i l ^ erergy ^wtofi-wuclmis oolIlf»l«i» 
Am -olo o^ t»lcl!f-«f> -pToeiifiB Itt th© Tsipolf«eti«^ of f^i^t tT^tonii 
iTifHan J» THire A t r l . 'f^'bys.f l i t 3<** ( 1 ^ 9 ) . 
5 . l^al©r>r Iwt'^ii^stJwnF? of 50 ^ V © T>i«>f»s in «»pnil^ia« 
Presented s t thf> I7th ^li!!i '^^'^fmrpy Thy^ion ^ym^t>f'i'^m f!»l# jnt 
Jnimvp l>«e. 5*91 1*^8, *^ol, I , ' ^ » 115• Aluo ^-wtmlttt^ t o 
6 . Some fsf r^eete of ti-a'nsirowe JSHS tomrltuMfsal scRstista of n^nrti-. 
olsf? r r o ^ e e d in 50 C?«T/o #-fm<eTmi<» oo t l l s l on 
t>i«e«s?ito€ flit tho r?tlj '^H.0i '^•r^T^ T*hw<l«>8 r\wrso?'tt8ii l»flld i»t 
7 . A etuay of ineleKtlo lnteraetloni» of 50 ^«V« «^e?'0«8 vltfi 
esmTj^ ior* jiuetol 
Trooe^^lnpT of the 'SyprDof^ ltsro on •1?tiel©nr I?stowfc«*tioT^B nt 
niifh, ''Vertd®!!* hQia sst T»pr;JeeIlr|p, '/est PeTJr-^l, ^ y ? -« , 1 ^ % 
A. C5R th«» orai'^siQ^ of f??flt R* «id Ho* Tjrot!tic««l IR 50 0«T/o 
t i a l e '^"'-ynpmiis^- >-t©ld In '*»©ii, Indln, from ?5t!i t© ?<M5!! 
9 , Interactions of 50 v^'^/c vi&m with &m\lp-im ?nij»l©l, 
Frpj^ e-ntdfl pt the Tth Tntffr? r^^ tlofr?»l *?frmof?iu» en ^ltJt>f»rt;l-» 
cle Dywf^iep !i»ia In Ooa, Irs^iiR, from ?»5tt* to ?9tfe "^etstawbtr, 
1979. 
peerm^nri^p rroitt(*®a In 50 ^^^/o €»fmti\%im ootti'^loro 
TTn»"'or mil5lioatic9i In ti«tt . Al Huovo ^lr"«nto ( I t a ly ) . 
